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THERE IS A CORRECT TYPE 
and SIZE SC STANDARD 
FURNACE FOR ANY HEAT 
TREATING OPERATION 


Whether the operation requires high or low tem- 
perature, whether large or small oven, oil temper- 
ing or pot hardening . . . for high or low pressure... 
no matter what the heat treating or melting opera- 
tion, there is a correct SC Standard Rated Furnace 


for the job. Some type of furnace shown here, or 


one of many others in our standard line may be 
just the equipment you have been needing. Write 


; for descriptive information or let one of our engi- 

Standard SC Pot Hardening Furnace ord criptive into our cng 

equipped with Automatic Proportion- neers work with you on your heat treating problems. 
ing Burner Equipment. 


SC Standard Small Oven Fur- 
SC High Speed Controlled At- nace No. 732 equipped with 
SC Large Oven Furnace for mosphere Muffle Furnace used Automatic Proportioning lou 


heat treating in a large foundry. primarily for heat treating tools pressure burners 


In addition to ne of Standard Rated 
ment, Surfa or esigns and 


ardening, [Drawing, 


mosphere furnaces for 


n@ Standard Burner Equip- 


ar- 


rolled At- 


s for either batch or capti 


Galvanizing, Forging. 


eal 


g of ferrous or non-ferrous 


; tor gas carburizing, 


forging, nitriding or ¢ ardening of steel —for ch or continuous operation. 
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Timken dominance as a manufacturer of electric furnace alloy steels 
sometimes overshadows Timken's importance as a producer of fine 


OPEN HEARTH steels. 


15,000 tons per month of Timken Open Hearth Alloy Steels—made by 
a company whose standards are set by fine electric furnace steels— 


available in all standard and special analyses. 


THE TIMKEN STEEL & TUBE COMPANY, CANTON, OHIO 
1 the following cities Detroit Chicago New York Los Angeles Boston Philadelphia 


District Offices or Rep esentation ] 
Houston Buffalo Rochester Syracuse Tulsa Cleveland Erie World’s Largest Producer of Electric Furnace Steel 


ELECTRIC FURNACE OPEN HEARTH e ALL STANDARD SPECIAL ANALYSES 


METAL PROGRESS 


\ 
3 Y \ 
| 
| | 
j 
| 
4 
. 
2 


‘OVEMBER, 1934 


FIGURES 


WHICH MAY INTEREST YOU 


These figures, representing regular production 

over a period of months, have been obtained from 
different plants in this country and they cover the acid 
consumption, per ton of material pickled, found in those 
plants: ACID USED 


‘Be. Pounds 

Breakdowns 60 28-30 

Black plate pickler, tin ute mill . . 60 68-72 

Butt weld pipe, silica bottom furnaces, straightened att, "to 5° 60 33-35 
Alloy and straight carbon, annealed, normalized, heat-treated 

automobile forgings, all kinds 66 19-21 
Rod and wire mill, large tonnage; pickling hints, besseme, 

rephosphorized, 65-75 carbon patent anneal rod . . . 60 39-40 


Representing average mills, average plant _ equipment 

conditions, simple pickling room control and the use of a 

good inhibitor, we believe these figures prove the economy 

of efficient, economical pickling ... Would your plant be in 

this list? If not, Grasselli 3 Powder Inhibitor and Grasselli 
Service can be of benefit to you. 


GRASSELLI SERVICE 


Not a name but a complete all-around laboratory and plant pickling 
service ... maintained for the purpose of servicing our products 
and your problems. We ask you to make use of it. 


THE GRASSELLI CHEMICAL COMPANY, Incorporated, CLEVELAND, OHIO 
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Steel and Alloys — the Basis of All Industry 


A photographic impression by Rittase 
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breaks all records 


Notable in many ways was the Annual Convention and 16th Rs 
National Metal Congress. The latter was especially attractive in : i 
beauty and variely of exhibits—like a little section of the € chicago 
Fair. Reports from National Officers prove that the Society is ; 
climbing rapidly back to pre-depression size and enthusiasm. 2 3 


Memorial lecture and technical sessions attain exper ted quality. 


OR the first time in its history the American 
Society for Metals held its convention and 
the Sixteenth National Metal Exposition in New 
York City. Whereas it has been the policy to 
hold the meetings alternately in the East and 
in the West, New York has never before had an 
acceptable exhibit hall of sufficient area on a 
single floor to hold the exposition. This situation 
has now been corrected in “Commerce Hall” 
the entire second floor of the Port of New York 
Authority’s Inland Terminal, which has every con- 


venience for industrial exhibits on a grand scale. over 18,000 responsible men in industry entered ies 
Anyone fortunate enough to have been able and studied the exhibits. — 


to attend will vouch for the wisdom of holding 
such an exposition at this time. The result passed 
all expectations, not only as to variety of metals 
and equipment but also as to the beauty of the 
exhibits, individually and collectively. Citations 
of individuals would be invidious all excelled 


The National Metals Exposition presented in con- 
crete form the ideas portrayed but imperfectly 
in that publication. 

Almost exactly one-quarter of the total mem- 
bership of the American Society for Metals regis- 
tered in attendance at the convention and at- 
tended the exhibits. About 1100 members of 
cooperating engineering societies also were reg- 
istered. Entrance to the exhibit hall was denied 
to all except adults who registered their name 
and position at the door; thus it is known that 


All members of the Society can measure the 
optimism prevalent by the words spoken by Sec- 
retary Eisenman, in the last paragraph of his 
annual report: 

“With all of the Society activities showing 
an income of over 35,000 in excess of its ex- 


themselves. Whether it is the World's Fair in- penses, with the October issue of Mera Progress ie 
fluence, or whether it is a realization of the essen- carrving the largest volume of advertising since , 


tial beauty of metal and its well-designed prod- 

ucts, the result was a show of extraordinary 
appeal. 

Nor will it be possible to give in brief space 

account of the noteworthy things exhibited. 

ic large October issue of Meta ProGress was 

ne too big to sketch the recent progress of 


rious branches of the metallurgical industry. 
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it was established, with the membership of the 
Society approximately 1000 more than a year 
ago, with all advertising income 30°) over the 
previous fiscal period, and with the National 
Metal Exposition the largest since 1929, showing 
a 45°. increase over the amount of space sold 
last vear, with an increased educational activity 
on the part of the chapters, and with the con- 


17 


4 
43 
fe 
j 
5 
| 
‘ae. 
4 
ty 
. 
| 
| 
| 
| 4 


Reading from left to right is T. N. 
secretary, New York Chapter; John Johnson, 
secretary, New Jersey Chapter; H. G. Keshian, 
chairman, 
Waterhouse, trustee-elect; W. 
W. Buffum, general manager, Chemical Foun 
dation, Inc.; Robert Ridgway, past-president, 
Engineers; E. C. 


trustee; J. S. Vanick, 
Chapter; G. B. 


American Society 
Bain, trustee; R. H. 


Republic Steel Corp. 


tional activities of the 
various chapters. Even 
in those centers where 
well-developed 
of metallurgy offer ex- 
tension either 


schools 


courses, 
in day or night classes, 
there has been discoy- 
ered a good demand for 
intensive courses of six 
or eight lectures. Of 
course, cooperation with 
institutions 
in the presentation of 
curricular has 
been established 
practice of some chap- 
ters for many years, but 


educational 


studies 


the unusual success of 
the Cleveland Chapter 
in expanding its mem- 
bership by means of 
supplementary courses 
has encouraged so many 
others to similar ven- 
tures that approximate- 
ly half of the chapters 
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of Civil 
Watson, 
U. S. Steel Corp.; Emil Gathmann, treasurer; 
R. S. Archer, trustee; T. M. Girdler, chairman, 


services from the chapters and the 
national oflice, the members may look to the 
future with a degree of confidence that the pres- 
ent success of the Society will be maintained.” 
In his presidential report at the annual meet- 
ing, W. H. Phillips dwelt much upon the educa- 


Holden, At the right half of the table sat W. H. Phillips, president \lbert 


Sauveur, first recipient of Albert Sauveur Achievement \{eqa) 


A. E. White, first president of the Society; W. B. Colem: past 
New York president and trustee; John Chipman, recipient of Henry rior 
Howe Medal; V. N. Krivobok, Campbell Memorial Lecturer, p, p 
Shepherd, president-elect; J. A. Mathews, vice-president, Cy yep), 
Steel Co. of America; W. P. Woodside, trustee; Walter Mathesiys 


trustee-elect; P. L. Gerhardt, manager, Commerce 


vice-president, Hall; W. H. Eisenman, secretary. 


are planning to hold some 
educational courses during the com- 
ing winter. (Since President Phillips prepared 
his report, the Tri-Cities Chapter Moline, 
Davenport, Rock expanded its 
membership by this method by 135 persons in 
a month, undoubtedly a record!) 

Election of officers was made under the re- 
cently adopted amendments to the constitution 
Each chapter selected one man as its potential 
nominating 


tinued growth of the Island — has 


representative on the committee, 
which consisted as fol- 
lows: Bradley Stough- 
ton, chairman, R. 
Pease, A. T. Clarage, G 
R. Brophy, G. A. Webb, 
J. B. Johnson, and F. P 
Flagg. This committee 
selected the 
candidates for the va- 
‘ant offices indicated: 


following 


President, one year 
B. F. Shepherd; Vice- 
president, one year: R. 
S. Archer; Secretary, 
two years: W. H. Eisen- 
man; Director, two 
years: Walter Mathe- 
sius; Director, two 
years: G. B. Water- 
house. 

These 


were published, and as 


nominations 
no additional nomina- 
tions were received, the 
unanimous ballot of the 
Society was duly cas! 
for these gentlemen, 


B. F. Shepherd, President-Elect 
Manager Rock Drill Division, Ingersoll-Rand Co. 
Photo by Blackstone Studios 
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Past 
rior 
B. F 
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Ai Janquet: Officers of the Society and 
H. cored Guests 


assume office directly 
after the convention. 

Various awards for merit were made at the 
annual banquet. The President’s Bell was again 
put into the possession of the Cleveland Chapter 
as the one which, in the opinion of the president, 
has performed best from all standpoints during 
the past vear. 

The Henry Marion Howe Medal was awarded 
to John Chipman for his paper “Application of 
Thermodynamics to the Deoxidation of Liquid 
Steel,” judged by a special committee to be the 
outstanding contribution to 1934 Transactions. 

In announcing the Albert Sauveur Achieve- 
ment Medal, President Phillips said: “We, as a 
society, are justly proud of our Campbell Me- 
morial Lecturers and our Howe Medalists and 
the contributions which they have made to our 
metallurgical literature. We have felt, however, 
an outstanding achievement in the field of 


G. B. Waterhouse, Trustee-Elect 


Professor of Metallurgy 
Massachusetts Institute of Technology 


metallurgy should 
receive a special recognition. 
Therefore the Board of Trustees has 
created a new medal to be known as the Albert 
Sauveur Achievement Medal. This award is in 
the name of and in honor to one who has con- 
tributed so richly and inspired so universally 
workers of all classes in the field of metallurgy. 
It is highly appropriate, therefore, that the 
American Society for Metals should designate 
its Achievement Medal as the Albert Sauveur 
Achievement Medal in honor of one who is, be- 
yond question, the peer of all metallographists.” 

A. E. White, first president of the Society, 
made the presentation, and Dr. Sauveur re- 
sponded with some reminiscences of his attempts, 
no more than 40 years ago, to interest captains 
of industry in the microscopic study of steel, and 
expressed the hope that these same men could 
have attended the National Metal Exposition and 
be converted to the value of metallography. 

An appreciation of Dr. Sauveur by H. M 
Boylston, his student and his associate for years 
(until assuming the chair of metallurgy at Case 
School of Applied Science), appears on page 41. 


Walter Mathesius, Trustee-Elect 


Assistant General Superintendent 
South Works, Illinois Steel Co. 
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T. M. Girdler, president and chairman of 
the board, Republic Steel Corp., was the after- 
dinner speaker. His prepared address re- 
counted his many reasons for being optimistic 
as to the future prosperity of the American 
steel industry. Many of these grounds for 
hope rest on advances in the art and science 
of metallurgy, and the widespread demand 
from the intelligent consumer for special 
products for special duties. (Departing from 
his prepared address, he paid a handsome 
tribute to American Society for Metals for 
its leading part in disseminating this infor- 
mation and raising the standards of perform- 
ance in the plants not only of steel producers 
but of their customers.) 

“Steel is no longer a standardized com- 
modity, like sugar or wheat or coal,” said 
Mr. Girdler. “We have entered into the age 
of specialized steels. In the future all steel 
is going to be manufactured to order, to fit 
the particular job to which it is designed.” 

He cited the automotive and aircraft in- 
dustry, refrigerators, air conditioning, ma- 
chine tools, as trends in this direction already 
in evidence, and the steel house and railroad 
transportation as fields over-ripe for exploita- 
tion. Going on, he very temperately and 
sanely discussed the economic and governmental 
conditions which are now hindering the rapid 
realization of these potentialities. Mr. Girdler’s 
remarks on this subject have been so widely 
printed and commented upon by the daily press 
and weekly journals of national distribution, 
that it is unnecessary for them to be repeated 
here. The net impression he left on his hearers 
was one of great hopefulness that the period of 
trial-and-error experimentation is rapidly com- 
ing to a close, and out of it will emerge a long 
period of increasing industrial activity and im- 
proved economic conditions for all Americans. 


Technical Sessions 


As we have become accustomed to expect, 
the technical program (in charge of R. T. Bayless, 
assistant secretary) was packed with informative 
and suggestive papers. Sessions were devoted 
to problems of heat treatment, to radiographic 
inspection, to the aging of metals, to steel mak- 
ing and a whole day to grain size. Three sessions 
were also required to present the results of im- 
portant researches into theoretical metallurgy and 
miscellaneous industrial) problems concerning 
metals, 
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V.N. Krivobok, Campbell Memorial Lecturer 


All these papers will in due time be pub 
lished, with discussion, in Transactions. In this 
issue space is only available on pages 39 to 39 
for notes on four of the dozen papers about grain 
size. The complete text will occupy all of the 
next quarterly issue of Transactions and should 
be in members’ hands about the middle of De- 
cember. 

Dr. Krivobok, in his presentation of the 
Campbell Memorial Lecture, matched the es- 
cellence of former lecturers. No higher prais 
can be given. His interesting discoveries aboul 
the strengthening and toughening effect of high 
nitrogen in carbon-free chromium-iron alloys ar 
published on the following pages. 

An innovation in the form of an educational 
series of five lectures, one each afternoon, was 
an added attraction for those who put emphasis 
on the strictly practical aspect of every-day lil: 
J. P. Gill, chief metallurgist, Vanadium-Alloys 
Steel Co., delivered this course, which was s 
well attended that one can predict that futur 
conventions will contain similar features. Whil 
Mr. Gill’s entire remarks fill a sizable boo! 
(already available for sale to absentees), som: 
notes on the first phase of his subject are carrie 
on pages 42 to 16. (Continued on page 
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itrogen 


iron-chromium alloys 


The ninth Campbell Memorial Lecture described experiments 


discover the cause of britleness in the Is chromium iron 


alloys. Even specially made alk YS of highest purity had low 


impact values, and so the problem was unsolved. But like 


many investigalions, if developed important facts not in the di 


rect line of research in this case the discovery that nitrogen 


in these alle ys acts like carbon in plain steels, and that annealed 


iron-chromium-nitrogen all YS, 


free of carbon, are very tough. 


N the Campbell Memorial Lecture, Dr. Krivo- 

bok described work done by him to discover 
the cause of the impact brittleness of 18‘. chro- 
mium-iron alloys. The most accurate chromium- 
iron equilibrium diagrams available show a 
“gamma loop” extending out from pure iron as 
far as the 15%. chromium alloy. From 15‘, to 
38°, chromium the accepted diagram calls for an 
uninterrupted series of solid solutions; then an 
intermetallic compound, FeCr, is thought to put 
in its appearance. 

Now if the alloys between 15 and 38 chro- 
mium be solid solutions, the physical properties 
should vary with changes in composition in 
a continuous manner. Yet suddenly, at about 
IS. chromium, the alloys become very brittle, 
as measured by impact tests. In order to dis- 
cover whether this is due to the other elements 
incidental in steel, a series of alloys were made 
by his associate R. A. Lincoln of hydrogen-puri- 
lied iron and electrolytic chromium; the alloys 
were melted in vacuo to avoid pick-up of atmos- 


pheric gases, forged to bars in 


phase change to proceed toward completion. 
All these alloys contained less than 0.01%) car- 
bon; they analyzed 0.0014 to 0.016% nitrogen and 
were free of hydrogen, oxygen, and the other 
usual clements in steel. 

Three parallel series of commercial alloys 
ranging from Lf to 20°) chromium and with car- 
bon at 0.02°,, 0.105), and 0.20°) were also avail- 
able to compare with these “pure” alloys. 

It was observed that all four series of alloys 
lost toughness in a short range, starting at about 
15’. and ending at about 19%... There is small 
change in hardness or the tensile properties in 
this range. Neither could the phenomenon be 
related to grain size. 

Dilatometric studies showed that the pure 
homogenized alloys below 17!2', chromium did 
contract slightly on holding at 1825” F., which 
“should be accepted as a well-founded indication 
of phase change, affecting, in all probability, but 
a very small portion of the sample. In other 
words, the gamma-plus-alpha region in the equi- 

librium diagram (the end of 


order to refine the coarse ingot Direct quotations are the gamma loop) extends to 
‘rystals, and “homogenized” by by Vsevolod N. Krivobok higher concentrations of chro- 
eating in argon at 2300° F. for Professor of Metallurgy mium than is generally men- 
“) hr. to permit diffusion or Carnegie Institute of Technology tioned” quotations are his. 
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However, this did not explain why a con- 
tinuous series of true solid solutions that is, 
a single phase alloy — should have uniformly 
good tensile properties but sometimes good and 
sometimes poor impact values. An extensive 
series of experiments was then made on the age 
hardening of the pure and the commercial alloys. 
Samples were cooled from 1450 and 1950) F. and 
aged at 875° F. It was proved that “carbonless 
alloys show a most pronounced and definite tend- 
ency to age harden, and to a degree directly 
proportional to chromium concentration, within 
the limits studied. For instance, the total in- 
crease in hardness for an alloy with 18.2 chro- 
mium was, at the end of 425 hr., 26 points on 
the Rockwell B scale.” 

X-ray and microscopic studies failed to re- 
veal any new constituent in the microstructure 
of the aged samples. “Of course this is not alto- 
gether surprising, for the aging phenomenon is 
not necessarily caused or accompanied by pre- 
cipitation in the ordinary sense — a well-known 
example being duralumin. But aging experi- 
ments provide further illustration of the changes 
that take place in the supposedly one-phase 
(solid solution) region.” 


Similarity to Refrigerated Iron 


Next, the lecturer described investigations of 
the supposed analogy with the low-temperature 
brittleness of common iron and steel. While 
this is an unexplained fact, it is known to be in- 
dependent of any phase change, because iron 
regains its toughness after warming. 

“Ductility in tension (elongation and reduc- 
tion of area) is not adversely affected by refriger- 
ation to —100° F. But ductility as measured by 
impact varies within wide limits regardless, it 
seems, of carbon content and of previous heat 
treatment. More specifically: At —100° F. all of 
the alloys are exceedingly brittle. At room tem- 
perature sharp demarcation between ductility 
and brittleness in carbonless alloys occurs some- 
where between 16.75 and 18% chromium. At 
122° F. alloys containing carbon and a carbonless 
alloy with 33° chromium are hopelessly brittle. 
rhus, the higher the chromium the higher is the 
temperature at which ductility is regained. 

“These observations, it will be agreed, paral- 
lel those on iron.” However, they offered no so- 
lution to the main problem of low impact, starting 
in at 17°. chromium, other than to show that 
large changes in impact brittleness can occur 
without phase change in the alloy. 
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Atomic Per Cent Chromium 


When Iron and Chromium Are Melted in the Presence of 
Excess Nitrogen the Resulting Alloy Contains an Amount 
of Nitrogen Depending Upon the Chromium Content 


Finally, attention was directed toward im- 
purities in the alloys. Total impurities in the 
specially prepared alloys were so low that Dr. 
Krivobok determined to study this problem by 
adding impurities to other melts, and studying 
the effects. Nitrogen seemed to be the likeliest! 
clement, for litthe is known about its action in 
chromium alloys other than that it alloys with 
chromium (if not with iron) very readily, “with 
the strong probability that a nitride is formed.” 
Some alloys were prepared by melting purified 
iron and chromium under nitrogen, and by melt 
ing purified iron nitrogenized ferrochro 
mium. Carbon was kept very low (below 0.014 
in most alloys); the analysis of the alloys is 
plotted in the first figure, above. 

“It becomes evident at first glance that the 
amount of nitrogen absorbed during remelting is 
directly proportional to the chromium concentra- 
tion, except for a slight deviation the 
straight line when chromium is less than 10) 

“Regardless of the initial composition of th: 
charge the final nitrogen percentage was th: 
same, Obviously determined by the chromium in 
the alloys: It may be arbitrarily called ‘maxi 
mum allowed. By changing the composition o! 
the gaseous mixture it is possible to control nitro 
gen concentration, that is, to introduce less 
nitrogen, but to increase the concentration abov« 
the maximum was found impossible. 

“Realizing this unusual affinity of iron 
chromium alloys for nitrogen, it appeared in 
deed desirable and important to ascertain the 
influence of nitrogen on the constitution and 
properties of the chromium alloys. 
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Dilatometric observations immediately dis- 
clos d a very pronounced influence of nitrogen 
on ne phase relationships in nitrogen-bearing 
aliovs. It will be remembered that alloys of 
18° chromium are characterized by continuous, 
smooth, ‘length-temperature’ curves. The typi- 
cal curve for the similar alloy but with nitrogen 
proves the existence of a definite, sharply defined 
transformation, both on heating and cooling. 
(Observe the diagram printed just below.) With 


lron-Chromium-Nitrogen Alloys Contract, on Heating, at 

{bout 1625° F., With Formation of a Gamma Phase and 

Reverse the Transformation at Temperatures Depending 

n the Rate of Cooling — an Action Quite Similar to That 

f Carbon Steel. Sample tested analyzed 18.06% chro- 
mium, 0.21% nitrogen, 0.009% carbon 


lemperature ,°C 


Change 


Length 


—+ 


+ 
| | | 
| 
400 800 1200 1600 
Jempersture, F 


smaller percentages of nitrogen the magnitude 
of the transformation diminishes, but the tem- 
perature range remains apparently unaffected. 
In other words, addition of nitrogen results in 
the formation, under equilibrium conditions, of 
increased amounts of the gamma phase, very 
much like carbon. Similarly with carbon alloys, 
the transformation in nitrogen-containing alloys 
an be made to occur at any temperature between 
100 and 1475° F., depending on the rate of cool- 
ug. And, as should be expected, the common 
mechanical properties of the alloys undergo rad- 
‘al changes when subjected to heat treatment. 
“As an example, the ability of the metal to 
irden is illustrated in the following figures for 
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the same alloy containing 18.06%) Cr, 0.21% N: 


Quenching Temperature Rockwell Hardness 


675° F. C-32 
1000 C-29 
1200 C-8 
1400 
1600 C-5 
1700 C-28 
1800 C-36 
1900 C-40 
2100 C-27 


It was observed that the hardening power of 
nitrogen exceeds that of carbon. 

“By controlling the nitrogen content and 
with proper heat treatment, impact characteris- 
tics far above those obtainable in alloys without 
nitrogen can be easily secured. For instance, 
an alloy containing 18.26° chromium, 0.125°, 
nitrogen, and 0.006% carbon had a toughness (as 
measured by modified Charpy impact) of 120 
ft-lb. when normalized from 1650° F.  Corre- 
sponding figures were 113 ft-lb. after quenching 
in oil and drawing at 1400° F., and 8&3 ft-lb. after 
annealing at 1400° F. 

“Microscopic study of the alloys (given in 
part at the foot of these pages) shows that the 
alloys of iron, chromium and nitrogen appear to 
be built up of the following: 

“Equilibrium Phases: (a) Ferrite —a_ solid 
solution of iron, chromium, and probably some 
nitrogen. (b) A compound the nature of which 


Diagram Showing the Analogy Between the Struc 
tural Constituents Existing in Heat Treated 18% 
Chromium-lron Alloys Containing 0.10 and 
0.20% Carbon and Similar Amounts of Nitrogen 
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is as vel subject to speculation. (c) Austenite 


at high temperatures the compound goes into 
solid solution with ferrite, forming austenite. 

“Structural Constituents: (a) Martensite 
a product of incomplete decomposition of austen- 
ite upon cooling; the word is used arbitrarily to 
denote the structural appearance of the constit- 
uent. (b) Pearlite — a eutectoid of ferrite and 
compound, formed from austenite upon exceed- 
ingly slow cooling. 

“In an alloy containing chromium, 
0.21. nitrogen, and 0.009%, carbon, homogenized 
for 12 hr. at 22507 F. and cooled in air, the rel- 
ative amount of austenite in equilibrium with 
ferrite at the high temperature of treatment is 
almost predominating. Naturally, at the rate of 
cooling used, the austenite has not been retained 
as such. Its partial decomposition presents tvp- 
ical martensitic appearance, as shown in the first 
micro, Heating this alloy at 1700) F. (in a region 
where three phases are in equilibrium) results 
in the separation and agglomeration of a com- 
pound which can be seen in the second micro. 

“In this structural condition, alloys possess 
maximum softness and ductility. Deeper etching 
of the samples resulted in the pitting of ferrite, 
masking its appearance. It is probable that this 


18°) Chromium, Nitrogen, 0.009% Carbon Alloy 
Is a Mixture of Austenite and Ferrite. The austenite, on 
slow cooling, partially transforms into the darker etch- 
ing constituent, as shown at left, magnified 200 diam- 
elers, which can be converted into definite martensitic 


‘pitting’ is in reality etching around small 


cles of compound separated from ferrite. 
“At temperatures of 18007 F. and higher. 
three-phase region is passed and alloys are © y)- 


posed of austenite and ferrite. The succes 


retaining austenite depends entirely on the 
of cooling, such as very rapid cooling in ice brine. 
whereupon the grains of austenite are dispersed 
through the matrix of ferrite. Less rapid 
quenched, this alloy has typical martensite, pre- 
dominating over ferrite because of its high con- 
centration of nitrogen (near the ‘maximum a! 
lowed’) as shown in the third view. 

“Upon increasing temperature the alloy ap 
pears to enter the field of a single gamma phase: 
at 22007 and above, only very small and iso- 
lated ferritic grains could be found —— which may 
not be a true equilibrium phase. 

“When separation of the compound takes 
place at temperatures below the three-phase i 
gion it sometimes takes on a peculiar form of 
platelets, somewhat resembling well-known ni- 
trogen needles (the fourth photograph) ; the dark 
appearance of these plates is due to. staining 

“It also appears that the compound is quit 
brittle, from its shattered appearance at high 
magnification. 


or pearlitic structure by appropriate heat treatment. 
After long soak at F. a compound has separat 
from the austenitic grains, appearing as the long 
stringers in the darker areas of the right micro at 500 
diameters, a compound now of unknown compositi 
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fhe same structural constituents were also 
found in alloys of other composition, the amounts 


of various phases being of course dependent up- 
on onalysis. Alloys of lower chromium, 10°¢ or 
less. were observed to have markedly lower re- 
sistance to corrosion. Even upon etching with 
dilute acids the ferrite constituent is deeply 
stained. 

“While this information is not sufficient for 
, structural diagram of the iron-chromium-nitro- 
ven system, the powerful influence of nitrogen 
on practically carbonless alloys can be repre- 
sented approximately as in the diagram at the 
foot of page y 4 

“For its construction, alloys of the same 
chromium percentage were selected — namely 
18°, —- but containing either carbon or nitrogen, 
in equal amounts. Vertical isotherms corre- 
sponding to a given carbon concentration, were 
drawn on the equilibrium diagram until they 
intersect the limits of various fields and are then 
projected on the column to the right of the dia- 
cram; the regions occupied by various phases 
and their temperature limits become clearly 
represented. Side by side is shown an analogous 
representation of experimental data for nitrogen- 
bearing alloys. Of course, these simplified graphs 


if Left Is the Same Alloy Quenched After Holding al 
1800° F, for 3 Hr. Showing That the Nitrogen-Austen- 
ite Has Transformed Into Typical Martensite. If ex- 
cess constituent is precipitated at temperatures where 


do not convey the idea of the relative amounts 
of different phases. From the examination of 
numerous structures and heat treatment data, 
it would appear that the eutectoid composition 
corresponds to much lower values of nitrogen 
than of carbon. In fact, it is quite definitely re- 
flected in some of the mechanical properties of 
the alloys. 

“The discussion of nitrogen in iron-chro- 
mium alloys was deliberately confined to alloys 
with very litthe or no carbon. What influence 
nitrogen may have on chromium irons and chro- 
mium steels can, at the present, only be specu- 
lated upon. For this reason it had better be left 
undiscussed.” 

Dr. Krivobok closed his lecture with aec- 
knowledgments to various collaborators in these 
studies, and without attempting to give an an- 
swer to his original query——“Why are 18% 
chromium alloys brittle?” Perhaps the question 
is answered, as far as it can be at present, by 
the observation that they are not necessarily 
brittle, for if the alloy contains considerable ni- 
trogen and is heat treated so the nitrogen con- 
stituent develops a pearlitic microstructure, the 
alloy is as tough as you could well wish. 


alpha iron is theoretically stable (1700° F.) it some- 
times appears as platelets, resembling “nitride 
needles” in arc welds when made with bare elec- 
trodes. Both these views are magnified 500 diameters 
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as well as others 


A feature of the interesting program arranged by the Institute of 
Metals Division of the American Institute of Mining and Metal- 
lurgic al Engine ers for the National Metal Congre ‘ss in New York 
was 4 day devoted to the die casting of aluminum, copper, and 
At the Division's annual dinner 
which the per- 


zinc base all YS, and die stee ls. 
Sam Tour ales spoke informally on the influence 


fection of the die casting art has had on other related industries. 


ASTING of metal in open metal molds is an 
ancient art whose origin is lost in antiquity; 
very old examples are the casting of lead alloys 
into bullets and printing type. It is worthy of 
mention that die casting, as we know it today, was 
first commercialized about 70 years ago by Mer- 
genthaler’s linotype, where a slug of lead alloy 
was cast under pressure against brass matrixes. 
Tin alloys and zine alloys are also easy to 
cast in steel dies, but aluminum alloys with 
higher melting points cause trouble, not only 
from thermal stresses in the dies but also from 
attacking the melting pots and gates. Such 
troubles have been endured, but were too much 
where brasses and cast irons were concerned. 
Permanent mold castings have been made in 
quantity of both metals last mentioned, true 
enough, but the plan of forcing liquid metal into 
a cavity by pressure (typical of true die casting) 
has been replaced by the old, old process of pour- 
ing open molds by gravity, or by the use of cen- 
trifugal force or suction; even when casting at a 
slow rate the problem of die steels is acute. 
Hence the most interest during a day de- 
voted to problems of the die casting industry was 
shown in an account of progress made by the 
American Brass Co. by its metallurgist John R. 
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Freeman, Jr. The general problem of die casting 
in brass and its solution was discussed by Charles 
Pack in Metra Progress in July, 1931. 

The casting is usually of a Muntz metal 
(60:40 brass), and a small ladle-full of metal just 
above its melting point is dipped out and swirled 
about until it becomes a mushy ball. It is then 
dropped into the cylinder of the Polak machine 
and forced into the die through a center gate by 
pressure from two opposing plungers; the uppe! 
one closes the opening through which the ball 
was introduced. Excess of metal is sheared off 
and ejected by an upward motion of the lower 
plunger. At the start the metal is as cool as pos- 
sible in order to protect the dies and plunger 
from heat, and also to prevent liquid from form- 
ing a fin of metal which is likely to wedge ! 
tween plunger and cylinder wall. 

In the Pack machine the metal is ladled into 
a evlindrical receiving chamber at a somewhat 
higher temperature and remains quiet long 
enough for a shell to chill around the walls 
Then the chamber is locked by an upper slab 
which contains the gate, and the bottom of | 
chamber (which is a plunger) rises, forcing t!) 
metal into the die. The chilled skull effective!) 
prevents squirting back through the cleara! 
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Rotors for Super-Chargers, Die Castings by Bohn Aluminum and Brass Corp. 


between chamber walls and plunger, and extra 
metal is lifted out with the casting and gate. 

Mr. Freeman emphasized the fact that the 
American Brass Co. has machines of both types 
in successful operation. The Muntz metal, al- 
though a low melting brass, has its narrow mushy 
range widened by adding at least 0.5‘. lead. 
Lead also increases the machinability. 0.1 to 
0.2% aluminum prevents undue scum (oxida- 
tion) during manipulation, reduces evolution of 
zinc in the melting pot, and hinders a deposit of 
zinc oxide on die surfaces. Tin (in quantities to 
I‘, ) opposes the segregation of lead in the mushy 
state and increases corrosion resistance. 

A suitable composition therefore is 60°. cop- 
per, I) tin, 1% lead, 0.10° aluminum, and bal- 
ance zine. In the form of die cast 0.505-in. test 
bars its minimum tensile strength is 415,000 psi., 
elongation 9° in 2 in., and Charpy impact 13 
kg-m. per sq.cm. <A_ patented silicon bronze 
known as Webert alloy is also suitable for die 
casting. Its nominal composition is 81.5‘. cop- 
per, 4.25°. silicon, 0.15', manganese, remainder 
zinc; it melts at about 1650° F. Its minimum 
properties are 85,000 psi. tensile strength and &*. 
elongation in 2 in. In smaller sections the chill 
effect shows in a 10‘. increase in the tensile 
strength of these brasses with no accompanying 
hange in ductility. 
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(As noted in last month's issue, page 17, alu- 
minum bronzes have been cast in’ permanent 
molds for several vears by a method which sucks 
the metal by vacuum into a steel die through an 
opening immersed in the molten metal. This 
quiet flow deposits any of the troublesome alu- 
minum oxide on the die surface rather than 
shooting it through the body of the casting. Such 
castings have been made up to 30 Ib. in weight; 
tensile specimens cut from them will range up to 
80,000 psi. tensile strength and 260 Brinell, de- 
pending on heat treatment.) 

Mr. Freeman also discussed the relation of 
composition to physical properties a matter 
considered at some length in a second paper by 
0. B. Malin and W. W. Sieg who believe that 
about OD, silicon and 0.2% iron will improve 
the hardness and strength of Muntz metal con- 
taining lead without making the castings liable 
to porosity. Experience shows that the preferred 
analyses quoted by both authors will produce 
castings with no visible cavities if the tempera- 
ture and pressure are right. Under the micro- 
scope there are a few cracks to be found, and 
hence the articles are not as good as forgings. 
especially for high pressures. 

As to utility, the brass die castings seem to 
be midway between sand castings and forgings, 
and will probably find application where con- 
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siderable machine work or expensive assemblies 
can be eliminated by accurate dies and cores, and 
where superior strength is required. 


Purer Aluminum Alloys 


The matter of purity of metal in aluminum 
die castings has also been under investigation, 
especially as regards the corrodibility of the 
commonly-used alloys with nominal 5% and 12% 
silicon. E. H. Dix, Jr. and J. J. Bowman of Alu- 
minum Research Laboratories exposed a series 
of die cast plates to salt spray tests; in these cast- 
ings the usual impurities were under control and 
progressively restricted to very small amounts. 
Copper appeared to be an accelerator of corro- 
sion; tin was also deleterious in the 12° silicon 
alloy, whereas iron, manganese, nickel, and mag- 
nesium were indifferent. 

Messrs. Dix and Bowman reported to this 
meeting experiments on 12‘. silicon alloys of 
high purity; also similar ones containing con- 
siderable iron and nickel. These are substanti- 
ally unaffected in salt spray after 26 weeks 


A Man Who Knows His Magazines as Well as His Metals 
ls E. H. Dix, Jr., Chief Metallurgist of Aluminum Re- 
search Laboratories, and Past Chairman of the Pitts- 
burgh Chapter. His contributions to Transactions 
and Merat Procress have been notable and numerous 


that is, there is less than 10° change in ten. |, 
properties, of which some may be due to 
aging effect — and are definitely superior to | 
silicon castings that meet the A.S.T.M. specifica- 


tions as to chemical analysis. Growth is on |)e 
order of the change in dimension due to tempera- 
ture rise of 4° F. 

It will be recalled that the A.S.T.M. com- 
mittee on aluminum die castings has embarked 
on a test program to determine the relative prop- 
erties of the 5% and 12° silicon alloys of ordi- 
nary and extra high purity when made in a com. 
mercial way. Standard round and flat test pieces 
have been made by two firms, and will be tested 
for mechanical properties after outdoor exposure 
for various times and in several atmospheres, 
and also after salt spray accelerated corrosion up 
to one year. The analyses of these die castings 
are as follows, where the first figure represents 
the bars of ordinary quality and the second figure 
represents the values for the test bars of extra 
high purity: Iron 1.38 and 1.14°7; copper 0.42 and 
0.09°°; manganese 0.22 and 0.017; magnesium 
0.05 and 0.01; zine 0.52 and 0.00 ; nickel 0.32 
and 0.01°°; tin 0.05 and 0.00°7; lead 0.03 and 
0.00°°. (Llron, of course, is picked up from the 
melting pots.) 


Die Steels 


Steels for dies give no trouble when casting 
zinc and lower melting alloys — plain carbon 
steel and nickel-chromium (S.A.E. 3150), used 
without heat treatment, last indefinitely. The 
hotter aluminum and magnesium require steels 
which have superior resistance to scour and to 
rapidly alternating thermal stresses; even then 
the loss from “heat checking” is an important 
item of cost. Actual temperatures attained while 
die casting aluminum at 1250° F. have been 
measured by R. G. Roshong of the Hoover Co., 
with delicate thermocouples imbedded near the 
surface, and found to be 475 to 500° F. Surface 
temperatures are doubtless considerably highet 
when die casting brass. 

Sam Tour presented the result of some 
studies on a series of die steels made in coopera 
tion with Mr. Roshong and J. P. Gill of Vana 
dium-Alloys Steel Co. Die steels contain 0.35 to 
0.45°¢ carbon; up to 1‘ silicon is added to de- 
crease scale during heat treatment and to im 
prove resistance to erosion by liquid meta’ 
About 5° chromium and an equal amount « 
tungsten make such a steel air-hardening ane 
maintain a good degree of hardness at operatin: 
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William B. Price, Chief Chemist and Metal- 
lurgist, Scovill Manufacturing Co., Is One 
of the American Pioneers in Brass Tech- 
nology. He, W. R. Webster and_ the 
lamented W. H. Bassett, have been leaders 
in the Institute of Metals since its founding 


temperatures. Dr. J. A. Mathews of Crucible 
Steel Co. thinks that if a considerable part or all 
of the tungsten is replaced by molybdenum the 
steel will retain its toughness after long stays up 
to 850° F. Either variety, when heat treated in 
!-in. cubes, will air harden from 1900° F, to about 
160 Brinell over the entire face; drawing at 1075 
Fr. for 5 hr. will reduce this to 387. Mr. Tour also 
reported Charpy impact tests on key-hole notched 
bars at elevated temperatures, showing that these 
two steels had toughness unchanged, at 16 to 18 
ft-lb., up to temperatures of 800° F. Original 
hardness of the impact specimens was Rockwell 
C-16. The molybdenum-containing steel is also 
ductile when as hard as Brinell 532; elongation 
in standard 0.505-in. test bars is 12° in 2 in.; 
reduction of area 42°%. Warpage is low; values 
for the test specimen shown on page 45 of this 
issue are: Minor diameter +-0.0011 in.; major 
diameter +-0.0003 in.; slot —0.0067 in. 

Die casters would be glad to find some pre- 
liminary test to indicate relative desirability of 
a steel short of actual trial; perhaps the best 
method now in vogue is to make gate bushings of 
it and measure their life. Mr. Tour believes that 
a steel should have low coefficient of expansion 
and high thermal conductivity, elastic limit, en- 
durance limit and toughness (all at working tem- 
peratures). Mr. Roshong, however, cited an in- 
stance where steels with good toughness failed 
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by heat checking in three weeks, whereas an 
insert of high carbon, high chromium steel, more 
brittle, lasted four years. 

Cost and machinability also enter into the 
picture, especially for the custom shop. Great 
expense would be warranted for a die capable 
of 100,000 shots, but such a long run can seldom 
be guaranteed. The result is that 40¢ a Ib. is 
around the top price for die steels for miscel- 
laneous production. Furthermore, the tungsten 
die steels have about reached the limit of ma- 
chinability, even when normalized and annealed 
to Brinell 225. 

H. G. Keshian of Chase Brass and Copper 
Co. said that brass die casters had tried a number 
of different steels, and that those with higher 
alloy (say up to 7.5% of both tungsten and chro- 
mium) were performing fairly well. These are 
air hardening to a maximum of Rockwell C-55; 
they develop secondary hardness, and if the 
tungsten is much higher than the chromium, may 
be heat treated like high speed steel. They 
readily carburize, so that the packing material is 
important; a salt bath is good for small pieces, 
and large ones may be packed in pitch coke, 
which is rather more inert than cast iron chips 
at temperatures above 1600° F. They can also be 
nitrided easily, and this hardening treatment for 
dies is receiving attention. 


Sam Tour, Vice-President, Lucius Pitkin, Inc., Test- 
ing and Consulting Engineers, Is Expert on the Man- 
ufacture of Die Castings, Having Been Metallurgist 
for Doehler Die Casting Co. for Many Years. Being 
past chairman of the New York Chapter was an- 
other reason for his activity at the recent Convention 


29 


| | 
: 
oe 
uh 
Poets 
al 
= 
aa 
: 


al New 


for very hot gases 


Hot gas-air mixtures radiate so little visible light that their 
temperatures have heretofore been measured indirectly. Mr. 
Mattocks describes a successful device whereby a little salt 
is injected into the hot gas (24300 to 5000 F.) and the re- 
sulting yellow sodium line is viewed against the continuous 
spectrum from a calibrated incandescent tungsten band lamp. 


T is well known that thermo-electric pyrom- 

eters are limited by the temperature and 
atmosphere which cause the couple wires to 
deteriorate rapidly. Even the platinum couple 
cannot be used much above 2800° F. Beyond 
those temperatures three types of accurate 
measuring devices are available -(a) optical 
pyrometers, (b) radiation pyrometers, and (c) 
spectral-line reversal pyrometers. The limita- 
tions of these devices will now be briefly out- 
lined, especially as they apply to the measure- 
ment of gas temperatures. 

None of these devices require direct contact 
with the medium, but derive their motivating 
action from the energy radiated from it. In order 
to operate successfully, the radiant energy mus! 
venerally be in the visible spectrum. (The total 
radiation pyrometer constitutes the one exception 
to this rule.) Therefore, either the gas must be 
luminous or light must come from a solid body 
surrounded by the gaseous medium — its tempera- 
ture is assumed to be the same as that of the gas, 


and this assumption is seldom 


justified. In some special cases, by E. O. Mattocks 


radiation of definite wave 
length is desired and may be 

secured by introducing some Festing 
extra substance into” the gas 
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stream, such as ordinary table salt, when the 
prominent sodium vellow is obtained. 


Optical and Radiation Pyrometers 


The most frequently employed device is 
the optical pyrometer. With it the intensity of 
the visible rays radiated from some object 
immersed in the hot gas is compared with rays 
from a known source. The most common optical! 
pyrometer is the disappearing filament type, in 
which the brightness of a tungsten filament inside 
a special lamp is regulated so that the image of a 
specified portion of that filament is made to just 
disappear on the background of light from the 
object whose temperature is being obtained. 

In order to secure a good comparison of ligh! 
intensities from lamp and object, filters ar 
usually emploved so that the red rays pre 
dominate. The use of filters also allows a lowe! 
filament temperature in the comparison lamp. 
and a consequent increased life of that part. Thy 
amount of current necessary 
raise the temperature of the fila 
ment so that a perfect match can 
be obtained is ordinarily meas 
ured with a sensitive ammeter 
From previous calibrations, th: 
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iemperature corresponding the observed 
amperage can be determined. 

ptical pyrometers are useful in the range 
from 1400 to 5000" F. The most favorable atmos- 
phere is absolutely clear — free of incandescent 
particles of dust or carbon. The major pre- 
cautions to insure correct readings are to correct 
the radiation from the object observed to “black 
jody” conditions, and to clear the atmosphere 
between object and pyrometer so absorption of 
radiant light will be cut to a minimum. The 
above assumes that every effort has been made 
to insure that the radiating body is at the same 
temperature as the gas. How difficult this is has 
been briefly pointed out in a former article on 
thermoelectric pyrometers by the present writer 
in July’s MeraL Progress. 

So much for the conventional optical pyrom- 
eter. If the total frequency range of radiation 
from the heated object, instead of just the red 
rays in the visible spectrum, is passed through a 
collimating tube and focused onto a_thermo- 


This type of device has the disadvantage that 
it vields black-body temperatures, but so long as 
the object viewed is encased within a furnace 
chamber, errors of this kind are minute. Further- 
more, the gases between the object and the 
temperature measuring instrument absorb a 
certain amount of the radiated energy and are 
thus responsible for low readings. For similar 
reasons, care must be taken to keep dust from 
collecting on the focusing elements of optical 
and radiation pyrometers, since a slight accumu- 
lation will absorb or diffuse an appreciable 
amount of energy and therefore introduce a con- 
siderable error. 

Radiation pyrometers have the same useful 
range as optical pyrometers and the same pre- 
cautions must be taken to insure accuracy. 
Since a thermocouple is an essential part of such 
devices, additional corrections must be made for 
the cold junction temperature, and for any 
deviation greater than 1% from the standard 
curve of millivolts vs. temperature. 


Tungsten 
Hot Air-Gas Band lamp 
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Spectral-Line Reversal Method of Measuring Gas 
Temperatures. Salt is injected into hot air-gas 
mixture, and tncandescent lamp adjusted so that 
sodium lines in hot gas stream disappear against 
band spectrum from the tungsten filament, thus 
equating temperotures of tungsten and hot gas. 
Optical pyrometer calibrates temperature of 
‘ungsten filament against current passing to lamp 


couple junction, the temperature of the object 
can be inferred from the amount of electric 
chergy generated in the thermocouple. Such a 
device is called a radiation pyrometer. Since an 
electric current is produced by the instrument, 
readings can be recorded continuously on an 
‘utomatic recorder which in turn can be used to 
trol, automatically, the quantity of heat to 
© process, using standard equipment for this 
purpose. 
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Spectral-Line Apparatus 


As a final consideration in this paper, let it 
be supposed that it is required to obtain a gas 
temperature above the useful range of all com- 
monly available thermocouples. If optical or 
radiation pyrometers are used, only a relative 
temperature can be had, representing the tem- 
perature of the solid object viewed and not the 
temperature of the gas surrounding it. Al- 
though they may be satisfactory for the purposes 
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of the process, readings thus obtained may not 
be considered true gas temperatures. 

To ascertain high gas temperatures, it may 
be necessary to employ the spectral-line reversal 
method. This means of measuring true gas tem- 
peratures has been employed for several years 
for flame studies, but its adaptation to the ac- 
curate determination of incandescent gas tem- 
peratures is new. 

To obtain a temperature measurement by 
this method, one compares some radiation of a 
certain wave length emitted from the gas stream 


scope, through which it is viewed as a | ang 
spectrum. In order to secure the additona| 
radiation of a definite wave-length from the jy; 
gas stream, some extraneous material may be jp. 
jected into the gas prior to combustion, en- 
erally, finely ground, ordinary table salt (No()}) 
is used which produces the two familiar bright 
sodium lines, D, and D,. These lines, as seen 
through the spectroscope, are superimposed on 
the band spectrum from the lamp. 

If the lamp filament is cooler than the vas. 
the line spectrum of sodium will appear brighte) 


The Author, Using Spectral-Line Reversal Apparatus. 
Current through lamp at right end of bench is varied 
by the observer, and the ammeter read when the 


whose temperature is desired, with radiation of 
the same wave length in a band spectrum ob- 
tained from either a carbon arc or the filament 
of an electric lamp. Since the latter is easier to 
manipulate, it is more often used. 

The sketch on page 31 shows the general set- 
up of the spectral-line reversal equipment used 
at the American Gas Association Laboratory and 
developed by the United States Bureau of Mines. 
The radiated energy from the filament in the 
tungsten band lamp is directed through the center 
of the hot gas stream and focused into a spectro- 
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sodium line, as seen through spectroscope, vanishes. 
Temperature of lamp filament is then known from pre 
vious calibration and equals temperature of hot gas 


than the background; if the filament is hotter 
than the gas, the lines will appear darker than 
the adjoining spectrum. By adjusting the curren! 
to the lamp (which changes the temperature ©! 
the lamp filament) a point can be reached @! 
which the line spectrum just disappears into ty 
band spectrum and becomes indistinguishab! 
At this point the temperature of the filament 's 
the same as that of the gas. 

Although a number of different salts m 
be used to produce the line spectrum to mat 
with the band spectrum, sodium chloride is pr 
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ily best because of the brightness of the sodium 
nes and the cheapness of the material. It has, 
ywever, One major disadvantage. If the tem- 
erature is below approximately 2400° F., the 
odium will oxidize if oxygen is present, thus 
lestroying the line spectrum, 

The maximum temperature for which the 
spectral-line reversal method can be employed is 
governed by the source of light giving rise to the 
band spectrum. If a tungsten band lamp is used, 
the point at which tungsten begins to become 
unstable is the upper limit. During tests con- 
ducted at the American Gas Association lab- 
oratory, under the supervision of the Committee 
on Industrial Gas Research, gas temperatures 
well over 3500° F. have been easily and success- 
fully measured. 


Limits and Precautions 


Without going into the somewhat compli- 
cated theory it can be stated that if the tempera- 
ture differences within the gas stream are not 
large, the measured temperature is close to the 
maximum and not the average within the gas 
stream. Therefore, care must be exercised to 
make sure that the temperature differential 
within the stream is not very large. It is pos- 
sible, however, to obtain the temperature at any 
one specific position of the hot gas stream rather 
accurately by taking the proper precautions for 
preventing the radiant energy from the band 
lamp from passing through the gas stream at any 
point other than that being studied. 

Probably the useful limits of the spectral- 
line reversal pyrometer are the range 2300 to 
5000° F. Any atmosphere or flame can be meas- 
ured, irrespective of its luminosity. Corrections 
to be made (other than those for the optical 
pyrometer used for calibrating the lamp) are for 
lens, color and water vapor. 

The first correction is for the amount of 
radiant energy absorbed by the lens located be- 
tween the band lamp and the hot gas stream 
(position A on the diagram). This source of 
error is eliminated by placing the same lens be- 
tween the optical pyrometer and the band lamp 
(as in position B in the diagram, page 31) when 
calibrating the latter. 

Since the band lamp is calibrated with red 
light, a color correction is necessary to obtain the 
true temperature of the yellow-colored gases. By 
using the values in Wien’s equation for spectral 
emissivity which have been determined by W. A. 
Fersythe and A. S. Worthing for tungsten lamps, 
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the magnitude of this error may be ascertained. 
If sodium hydrate or a salt solution is in- 


jected into the air-gas mixture stream as a vapor, 


a correction is necessary to allow for the effect of 
water vapor on the gas temperature. Inasmuch 
as the determination of this error is very difficult, 
it was eliminated during our experimental work 
by employing pulverized dry salt. 

By applying these necessary corrections, 
high gas temperatures can be obtained by this 
method that are within + 10° F. of the true gas 
temperature. 

In summarizing the above, it must be re 
membered that the conventional optical and 
radiation pyrometers measure the temperature 
of solids and do not measure true temperatures 
of the gases enveloping them. The method de- 
scribed herein (the spectral-line reversal method, 
injecting some substance into the gas stream in 
order to secure monochromatic radiation), al- 
though not applicable to all needs, offers a 
reliable means for securing the true gas tem. 
perature above the range in which ordinary 
thermocouples may be employed. For lower 
temperatures the precautions given the 
writer’s article on thermoelectric pyrometers, in 
Procress for July, should be observed. 


Snapped at the National Metals Exposition Was John A, Malone, 
Industrial Engineer, Consolidated Gas Co., New York, and Chair 
man of the Exhibit Committee of American Gas Association, a 
Prominent Factor in the Success of This and Past Expositions 
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discussed at convention 


Twelve papers were presented before the A.S.M. Convention discussing 

various aspects of grain size, such as its control during steel manufacture, 

its effect on the properties and uses of various steels such as screw stock, 

deep drawing and magnetic sheet, S.A.E. steels and tool steels, and the 

fundamental reasons for a difference in grain size of steels of similar 
chemical analysis after comparable heat treatment. 


HE two sessions on the last day of the Amer. 

ican Society for Metals Convention were de- 
voted to grain size and were notable for a 
description by steel company metallurgists as to 
how grain size is controlled in open-hearth prac- 
lice. It has been generally held that the essential 
difference between fine grained and_ coarse 
grained steels, as determined by the McQuaid- 
Khn carburizing test (and that will hereafter be 
the significance of the unqualified word “grain”), 
is that the former contains a cloud of submicro- 
scopic refractory particles, which either form 
nuclei for fine crystallization, or obstruct natural 
grain growth. It was also known that strong 
deoxidizers like aluminum, titanium, zirconium, 
and vanadium, when added to molten steel, 
caused fine grain in the heat treated product 
Nevertheless, actual furnace practice to secure 
a fine grained product has seldom been talked 
about in public. 

At this meeting, however, Messrs. Epstein, 
Nead, and Washburn gave data on a large num- 
ber of open-hearth heats made by Inland Steel 
Co. showing that normal plant practice which 
produces good forging steel need not be re- 
adjusted except to control the final aluminum 
additions in order that the product may be either 
line grained (grain size 5 to 7) or coarse grained 


34 


(No. 2 to 3). The problem of regular production 
of intermediate grain sizeshas not vet beensolved. 

Assuming the production in the furnace of 
properly deoxidized steel, containing 0.15 to 
0.50°. carbon, about 0.505 manganese, and not 
much less than 0.15° silicon, fine grain can be 
insured by adding 1 lb. aluminum per ton of 
steel in the ladle. If manganese is higher, silicon 
may be lower—— under favorable furnace cond- 
tions it may be as low as 0.07‘. 

Aluminum additions to the mold are more 
effective, and will give fine grain to steels even 
lower in manganese and silicon, but the practice 
of mold additions is usually regarded as undesir- 
able. Some think that aluminum introduces dan- 
gerous inclusions into the steel; on the other 
hand, aluminum has definite advantages in steel 
making as a deoxidizer, and may be added in the 
ladle to steels of O0.10°. silicon content in quan- 
tities up to 0.5 Ib. per ton if a coarse grained 
steel is desired. Fine grain cannot be obtained 
by even a high silicon or manganese content in 
the absence of aluminum. 

Grain size is therefore controlled by first 
making a good steel in the furnace, and adding 
in the ladle an amount of aluminum adjusted to 
the carbon, manganese, and_ silicon the 


analysis (which really gives an idea of the 
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H. W. McQuaid (With E. W. Ehn) 
Discovered the Desirability of Con- 
trolling Grain Size When Solving a 
War-Time Production Problem at the 
Timken Roller Bearing Co. McQuaid 
is now metallurgist for Republic Steel 


| 


oxygen remaining in the steel when it is tapped). 

In the above researches a number of heats 
were split, consequently a good idea could be had 
of commercial metal differing only as to grain 
size. There is no difference in ferrite grain size 
in the as-rolled condition provided, of course, the 
temperature at the last pass is below the critical. 
is is usual; only after reheating somewhat above 
the critical temperature does the differentiation 
exist, and all physical tests were made on bars 
air cooled from about 1700° F. Normalized, fine 
grained steels have about 5000 psi. higher vield 
strength. Although impact tests did not show the 
large differences expected, they were about one- 
third higher in the finer grained steel, partic- 
ularly after cold working 9°¢. Ductility in tension 
lests is also somewhat higher. Such data do not 
indicate that the aluminum addition has harmed 
the steel. 

The authors believe that steel makers are 
justified in controlling grain size on_ steels 
dered for definite purposes, primarily in order 
'o promote uniformity in production, and sec- 
ondarily to prevent mystifying troubles often 
‘lamed mistakenly on other harmless variations 
such as spread in chemical analysis). They also 
clieve that fine grained steels belong to the forg- 
ng steel grade rather than the commercial grade, 
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since they require hot-top molds to control the 
extra tendency to pipe, and hence should carry 
the price extra for forging quality. 

This simple explanation— that aluminum 
reacting on oxide forms Ak O, particles, 
nuclei for crystallization — Was challenged by H. 
W. McQuaid with some facts from electric fur- 
nace practice. “Electric furnace heats with 
silicon 0.20% or more can be very easily made 
fine grained while other heats with low silicon 
and high FeO are relatively difficult to make fine 
grained. Electric furnace slags are usually very 
low in FeO with correspondingly low FeO in the 
steel. The addition of silicon and manganese 
before tapping should result in well-deoxidized 
electric furnace steel, vet unless the heat has been 
boiled down and the scrap selected, the well- 
killed electric heat will be fine grained with a 
relatively small addition of aluminum. 

“The fact that variation in the deoxidation 
practice and aluminum addition affects the grain 
growth range as well as the grain size indicates 
that the cause of grain size is not nuclei, solid at 
molten steel temperature, but some compound of 
aluminum or vanadium which is present in the 
austenite grain boundaries and which changes its 
solubility at some definite temperature in the 
austenite. The effect of this solubility on carbon 
solubility would produce normality variation, 
and inhibit grain growth below a given tempera- 
ture. This would account for the difference in 
grain size and grain growth between vanadium 
and aluminum killed steel and also the varying 
effect of different percentages of deoxidizer. 
Whether the compounds which produce the in- 
terference phenomenon are nitrides, carbides, or 
oxides, is a matter of speculation, but the indi- 
cations are that the nitrides are a very important 


factor.” 


Grain Size and Machinability 


of Bessemer Screw Stock 


One of the earliest discoveries about ma- 
chinability of steels of forging grade was that 
coarse grain was favorable. H. W. MeQuaid said 
that as early as 1919 the Timken Roller Bearing 
Co. demanded metal from its suppliers which 
had been rolled with maximum permissible tem- 
perature on the billet furnace and_ finished 
definitely above the temperature for a coarse 
grain in the as-rolled bar. Furthermore, the 
prime reason for normalizing forgings is to 
coarsen the grain and improve the machinability. 

One class of material, namely bessemer 
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screw stock, represents the utmost in large as compared with the normal energy require« jp 
machinability, and a study of it by H. forcing the path of rupture through the crystal itse '” 
W. Graham of Jones & Laughlin Steel continued Mr. Graham. 

Corp. contains much of interest. Screw “To get a clearer picture we must bear in mind {):a| 
stock is usually delivered as cold drawn the constituent of steel designated by metallographists as 
bars, and after this treatment is of such ‘ferrite’ is a very complex entity. It consists of alpha iron 
a nature that it ages at room tempera- which may hold various elements in dispersion, ranging 
from molecular to microscopically visible particles. Such 
| differences in ferrite quality manifest themselves in ap- 
e preciable differences in work-hardening capacity, grain 
| = growth characteristics, and nature of the plastic deforma- 
. ° tion under static and dynamic loads. 

§ = . ee | a “There is a rather wide range of variation in the 
= quality of the ferrite in separate heats of steel made to the 
. ° . same analysis of common elements, and this is more im- 

P Sian | | i portant and fundamental than mere grain size. 
& “The situation as to relative grain boundary effects is 
very much as would confront a hunter who walks across 
re r country, through fields and over fences. To some extent 
& 285 | | | | t 1 the difliculty of his progress would depend upon the num- 
° | ber of fences which he had to climb, and, therefore, the 
520 size of the fields would be an important factor, since such 

35 50 65 80 95 110 125 


size would determine the number of fences which must be 
climbed. Even under best conditions, however, the effort 


Tool Life , Minutes 
Tool Life (Running Dry) Plotted Against 
Grain Size of Bessemer Screw Stock From required to walk across the fields would still be ap- 
Various Sources in the As-Received Condition preciable as compared to that required to climb the 


Shows Only a General Relationship. All 
fences. If the fields were overgrown with tangled brush. 
material would be classed as grain size No. 8 . . 


ture. An Izod test would then show low toughness. It is 
Mr. Graham's belief that the rapid loss of impact strength 
in slightly cold-worked bars upon aging is the best 
criterion of machinability in screw stock. 

Since this material is machined in condition as re- 
ceived, the grain size as received rather than the grain 
size after the McQuaid-Ehn test should be compared with 
machinability. Fourteen lots of steel from six different 
bessemer plants were investigated. As received they 
were all of grain size 8 by the A.S.T.M. chart, but there 
was still a considerable range in size —— 126 to 307 grains 
per sq.in. at 100 diameters. Machinability was determined 
on an automatic lathe, by noting the tool life when run- 
ning under standardized conditions without coolant. The 
diagram plots the results. “Although no line is drawn,” 
said Mr. Graham, “it shows an improvement of machin- 
ability with an increase in grain size.” (These materials 
are usually abnormal after the McQuaid-Ehn test, with 
coarse and fine grain in the same field.) 

“Others have advanced the idea,” said Mr. Graham, 
“that in the cutting operation the path of rupture follows 
preferred planes along which the separation proceeds 


A Number of Papers Have Recently Been 
Published About Bessemer Steel, Drawn From 
a Continuing Investigation Directed by H. W 


I rather easily, and that the grain boundaries interrupt the Graham, General Metallurgist of Jones and 
progress of the line of separation along these preferred Laughlin Steel Corp. Photo is by Bachrach 

lanes. We find it difficult to believe that the ¢ t of mn 

additional energy expended at the grain boundary is very Milita 
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steels normalize more 


machined at greater 
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feeds and speeds. His 
theory is that improper 
forging especially too 
heavy or violent changes 


in shape in a single die 
or stroke — will “tear the 
fibers, as in a tensile test, 
before the internal struc- 
ture can adjust itself to 
the movement. This 
slipping, or tearing, is in- 
dicated by voids or cav- 
ities brought out by acid 
etching,” and this pro- 
duces the familiar ap- 
pearance of flow lines or 
fiber. Forgings which do 
not etch in this” pro- 


nounced manner, he 
says, are “denser.” It 
was early discovered that 
Rig slugs, progressively 


imum of fiber appearing 


ss-Section of a Forging After Deep Etching. It is very dense 
and has good machining qualities. 
nstrates that coarse grained steel more readily produces such 


the amount of effort required to climb even a 
relatively high fence might be insignificant as 
compared to that required to cross the field.” 

There was no disposition on his part to ques- 
tion the fact that grain size had much to do with 
the machinability of normalized steels, vet Mr. 
Graham felt that heat treatment gives an addi- 
live effect, superimposed on an inherent quality, 
and it is the latter which he is wishing to im- 
prove, fundamentally. 


Grain Size for Gear Forgings 


W. E. Sanders, metallurgist with General 
Motors Co., presented some further data sub- 
stantiating the facts developed by him on density 
and machinability of gear forgings at Muncie 
Products Division and published in’) 
Progress, July, 1932. This early study was the 
lirst rational study of “fiber” (determined by 
pickling a sectioned forging) as it affects the 
properties of the piece. It indicated that the flow 
lines were less and less in evidence as the metal 
was more and more strongly compressed in the 
forging dies, and that these strongly compressed 
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dense forgings 


coarsened by higher and 
that is, has a : 


Mr. Sanders longer heating, forged 


into progressively denser 
gear blanks, “which sug- 
gested that coarse 
structure has more ductile fibers.” 

Further experiments on a series of ingots of 
the same composition whose McQuaid-Ehn grain 
size varied from 4 to 9, forged under the same 
conditions, showed that “the coarse grained ones, 
by virtue of greater ductility and longer fibers, 
showed less tearing in the upsetting” and there- 
fore made denser forgings. “A certain amount of 
evidence is also at hand which indicates that 
electric furnace steels will run more consistently 
dense than open-hearth steels.” continued Mr. 
Sanders. 

“We must also bear in mind that there are 
many variables in the actual forging process 
which affect density. These alone, if corrected, 
will improve machinability and durability to a 
great extent in any grain size specification. First, 
the steel should be purchased on density and 
grain size specifications, in addition to the 
chemical specification. Second, the forging dies 
must be designed to effect maximum compres- 
sion on the metal in the forging. Third, the fur- 
naces should be of a design that will insure 
uniform temperature throughout.” 

Dense forgings are more readily machined 
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into gears, as shown in 1932. Recent tests on the 
drilling properties show that 8% 
developed at the drill point in less dense forgings, 
an equal differential is found in the torsion in- 
dicator with wide fluctuations indicating chatter- 
ing, and 26°. more power and time is required 


more heat is 


for equal depth. 

“By correcting the forging practice, an im- 
provement in machinability may be expected 
from 15 to 50%, depending on the operation,” in 
Mr. Sanders’ opinion. “Speeds and feeds may 
be increased from 11 to 60° and tool life in- 
creased in like proportion. 

“To a gear manufacturer there are other 
things of major importance besides machinabil- 
ity, that is, changes in the heat treatment. With 
a dense, homogeneous structure, distortion be- 
comes more uniform in hardening, enabling 
accuracy of spacing maintained on hobbing 
machines within 0.0002; within 
0.00025, and when the pieces return from the fire 
you can expect 0.0004 to 0.0005-in. change in con- 


contour 


tour and no apparent change in spacing. The 
gears going to the hardening department with 
concentricity of less than 0.0001 return with 
0.0015 in. With the control maintained on the 
steel and forgings, it is a simple matter to correct 
the hob by grinding more or less rake in the cut- 
ting face, thus compensating for the regular fire 
distortion. 

“Durability is likewise effected by the re- 
duction in tooth growth and distortion, which 
makes for better alignment and tooth contact.” 


Grain Size ws. Toughness 
of §.A.E. Steels 


Last January H. W. McQuaid of Republic 
Steel Corp. wrote an article for Progress 
on the trend in requirements for plain and alloy 
steels. It outlined many of the points in his paper 
prepared for the “Effect of 
MecQuaid-Ehn Grain Size on Hardness and Tough- 
ness of Automotive Steels.” The latter sum- 


convention on 


marized a wealth of experience, rather than a lot 
of numerical data — in fact, he defined hardness 
as the ability to resist wear and abrasion (best 
indicated by the file) and toughness as the ability 
to absorb stresses beyond the elastic limit without 
concentrating them at some defect in surface or 
design and thus causing failure (measured to 
some degree by the impact test). 

He pointed out that the McQuaid-Ehn test 
merely indicated grain size at a certain tempera- 
ture (1700 — F.) which in turn was an indication 
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Men From the Automotive Industry Always Flock to 


the National Metal Congress. Prominent among them 
was J. M. Watson, metallurgist of Hupp Motor Car 
Co, and past president, American Society for Metals 


of grain growth — since steels have been sup- 
posed to grow in austenitic grain size as the tem 
perature is raised above the critical. 
grained steels (by the McQuaid-Ehn test) do so; 
fine grained steels may grow but slowly until 
DOO” F. Many plants are 
now equipped to normalize steels at 18007 F. and 
higher, and in such equipment “fine grained” 
steels can be coarsened for easy machining, and 
then refined by an ordinary quench and draw 


Coarse 


above Ac, is passed. 


and present the advantages of a fine grained 
steel, namely, small warpage and good toughness 
(Hardness at the surface is independent of grain 
size, when pieces are properly hardened.) 
Thus chromium-vanadium (S.A. 
6100 series) coarsen very easily above 1700 F 


steels 


but are usually fine grained below 1650— an 
ideal condition for applications requiring max! 
mum machinability. On the average, fine grained 
normal steels react differently from fine grained 
abnormal —- where a maximum combination o! 
toughness and hardness is required Mr. McQuaid 
prefers the latter. 

MeQuaid-Ehn grain size is specified by mos! 
metallurgists in automotive plants, either directly 
or indirectly, about as is indicated in the follow 
ing paragraphs. At the present time the prin 
cipal distinction is between fine grain and coars 
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BE. G. Brick, Recently Graduated From Long 
and Efficient Services With Cadillac Motor 
Car Co., and Secretary of the Detroit Chapter. 
Is Now With Youngstown Sheet and Tube Co. 


grain. In Mr. MeQuaid’s opinion carbon steels 
should nearly always be fine grained; alloy steels 
should be specified either coarse or fine after 
acquiring a good idea of what the purchaser 
really needs. 


Specifications by Classes 


Plain carbon steels, not heat treated (such 
as S.A.E. 1000, 1100, X1315) should have a coarse 
grain for maximum machinability and best cold 
heading properties. Fine grain is better when 
subjected to shock loads or occasional severe 
overstress. 

Plain carbon steels, heat treated, but not 
carburized (S.A.E. 1040, Ford EE): Generally 
fine grained, shallow hardening type. When oil 
hardened to high Brinell, use coarse grain type. 
Coarse grain in very heavy parts such as large 
truck front axles. Medium grain in passenger 
car front axles, and on parts with heavy and light 
sections — the heavy sections will harden satis- 
factorily without cracking the light sections. 

Plain carbon case hardening steels (S.A.E. 
1010, X1315): Fine grain for minimum distortion; 
coarse for machining and hardening. Generally 
recommended as fine as possible consistent with 


satisfactory surface hardness, so as to avoid 
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corner cracking of parts hardened very deeply, 
and grinding cracks. Used in camshafts, small 
gears, differential parts, brake parts and washers. 

Plain carbon steels, high in carbon (S.A.F. 
1060, 1095) are useful for flat springs, valve 
springs, and coil springs. Fine grain is best to 
Bumper bar stock 
may be medium grain size to coarse, for oil 


avoid stress concentration. 


hardening. 

Medium manganese steels, with or without 
sulphur (S.A.F. 1340) are used in many im- 
portant parts. Fine grain is preferred, but de- 
pends on analysis and quench. Such a steel may 
be used by the same company for front axles, 
cranks, cams, rocker arms, starter rings, and 
connecting rods —- obviously of different require- 
ments as to hardenability, vet a matter which is 
commercially controlled by grain size. Coarse 
grained, deep hardening types are avoided for 
connecting rods and other parts with thin webs, 
on account of their liability to shearing and flash 
line cracks, and losses in heat treating. 

Low carbon, low alloy, case hardening steels 
(S.A.F. 2015, low chromium-nickel, vanadium 
gear steel): Specify fine grain for gears, remem- 
bering danger of trouble with surface soft spots 
if too fine and abnormal. For heavy parts, coarse 
grain is preferred; for direct quenching, fine 
grain is preferred. Fine grained gears distort! 
less in hardening, and minimize noise from 
irregular tooth contacts. 

Low carbon, medium alloy steels (S.A.E. 
3115, 6115, 4615, 2315): For gears and bearings, 
fine grain is best. Fine grain for direct quench. 
Coarse grain for heavy sections for maximum 
core properties. For maximum machinability 
with increased distortion coarse grain is pre- 
ferred, unless specially normalized. 

Low carbon, high alloy types (S.A.B. 2512, 
3300, 3400, case hardening 3.5‘. nickel, molyb- 
denum, Krupp): Used for truck and bus gears 
and very heavy duty case hardened parts. 
Should have fine grain for all applications. 

Medium carbon, medium alloy steels (S.A.b. 
$130, 4130, 5140, 6140): Used for passenger car 
and light truck axle shafts, arms, knuckles, some 
connecting rods, cranks, and oil-hardened gears. 
Should be fine grained in all applications where 
so-called toughness is important. In heavy 
sections where deep quench is required medium 
or coarse grain is best. 

Medium carbon, high alloy steel (S.A.B. 3240, 
3340, 3440, chromium-nickel-molybdenum) : Used 
for heavy duty gears, axle shafts, highly stressed 
parts, and should always have a fine grain. 
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Albert Sauveur —An Appreciation 


In his honor has been established the Albert Sauveur Achievement! Medal 


E 


Herbert M. Boylston 


YOUNG chemistry student entered a quiet 
office in the Rotch Building at Harvard Uni- 
versity in 1908. He had come to meet the man 
who knew how to take photographs of metal sec- 
tions through the microscope. He found a young 
man with dark curly hair and moustache, sitting 
at his desk, smoking a pipe and reading a tech- 
nical magazine. As Dr. Sauveur looked up from 
his reading there was a twinkle in his eve and a2 
friendly smile enveloped his face as he greeted 
the student who wished to learn more about 
metallography and the hidden secrets of metals. 
In a modest manner he described his own experi- 
ence and the light of enthusiasm was in his eve 
as he explained how simple were the operations 
of preparing specimens for microscopic examina- 
tion and photomicrography. This was the first 
contact the writer had with Dr. Albert Sauveur, 
now dean of American metallurgists. 

Not long ago the writer visited him in Fal- 
mouth, a Massachusetts village where he was 
spending a vacation. The same spirit of friendli- 
ness was still there, the same modest demeanor, 
the same clear-cut logic in his discussion of tech- 
nical subjects, the same quick understanding of 
problems placed before him but this was 
thirty-one vears later and the curly hair was now 
quite gray. 

Always courteous, patient, making known 
his requirements to his assistants or students by 
Suggestions rather than by direct order, keen 
minded in grasping new ideas, slow to accept 
half baked theories and rejecting false reason- 
ing, Dr. Sauveur has been and still is a great 
teacher, a great scientist and a great man. ‘Tire- 
less in his efforts to make things clear to his 
hearers or his readers, of an untiring and re- 
sourceful turn of mind in overcoming difliculties 
of manipulation and the short comings of avail- 
able apparatus, Dr. Sauveur proved the useful- 
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ness of the microscope for metallurgical work 
as early as 1891. He has led and inspired a con- 
stantly increasing group of disciples for the last 
forty vears in their efforts to learn and appreci- 
ate the relations between the microstructure and 
the physical properties of all kinds of metals and 
metallic alloys. 

Fighting against a handicap of inadequate 
upparatus and insuflicient funds for expendable 
supplies, Dr. Sauveur firmly established a new 
science of metals in the United States. 

His many writings are clear and casy to un 
derstand, forceful, vet his thoughts are clothed 
in beautiful flowing English, free from ambiguity 
and always to the point. His masterpiece, “The 
Metallography and Heat Treatment of Iron and 
Steel” has been a bible and a textbook to a great 
number of students voung and old, including col- 
lege men, operating men and executives, 

As the pioneer in’ the subject) of metal. 
lography he not only developed the science itself 
but did much to improve the apparatus for ex- 
amining metals including polishing apparatus, 
the microscope itself, photomicrographic equip- 
ment and all the accessories that go with it. 

He has acted as expert in many patent litiga- 
tions and other investigations arising from fail- 
ures of metals. In the early days he acted as edi- 
tor and publisher of The Metallographist and its 
successor the /ron and Steel Magazine. The pres- 
cnt writer collaborated with him in 1908 to pub- 
lish a litthe book called “Laboratory Experiments 
in Metallurgy” which is now out of print. 

He received the Doctor of Science degree 
from Case School of Applied Science in 1921, 
from the University of Grenoble, France, in 1921 
and from the University of San Marco, Peru, in 
i925. He received the degree of Doctor of En- 
gineering at Lehigh University in 1926. He re- 
ceived the Bessemer Medal of the British [ron 
and Steel Institute in 1924. 

Dr. Sauveur has been a teacher of metal- 
lurgy at Harvard University since 1897 and for a 
number of vears has held the tithe “Gordon 
McKay Professor of Mining & Metallurgy.” He 
received the first award of the new = Albert 
Sauveur Achievement Medal of the American So- 
ciety for Metals in New York on October 4, 1934. 
He was awarded the Elliott Cresson Medal by the 
Franklin Institute of Philadelphia in 1913. He is 
an officer of the Order of Leopold, Belgium, and 
Officier d Academie, France. He is a member of 
the National Academy of Sciences, a chevalier, 
Legion d’Honneur, and a Fellow of the National 
Academy of Arts and Sciences. 
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manufacture and testing 


An innovation at the annual convention of the American Society for Metals 
was 4 course of lectures on tool steel, given by one of the leading author- 
ities. We are able to print here only some brief extracts concerning the first 
phase of this broad subject. The entire text of Mr. Gill's five lectures, ap- 
praising the selection, properties, and uses of all the commercial tool steels, 


HERE are four methods of melting tool steel 

that are of interest. First the crucible process, 
which is now almost obsolete in the United States, 
as there are only a few furnaces maintained in a 
condition to operate and these furnaces do not 
operate continuously. Next is the basic open- 
hearth; it is generally believed and with some 
justification that this method of melting does not 
readily lend itself to the making of highly alloved 
tool steels, due to the fact that during the melting 
operation the steel is continually subjected to ox- 
idation. Nevertheless, carbon tool steels and low 
alloy tool steels of good quality can be manu- 
factured with proper care and procedure. 

Basic electric are furnace is at the present 
time the most widely used method of melting 
quality steels, and almost the only method of 
melting highly alloved tool steels (with the ex- 
ception of the small amounts made in the in- 
duction furnace). It is the refining period which 
offers the real advantage of the electric furnace 
over the open-hearth in that the open-hearth 
during this period has oxidation continuously 
proceeding, while in the electric furnace the at- 
mosphere might be considered 
stagnant and therefore not react- 
ing with the slag or charge. 


between the steel and the slag which accomplish 
three distinctly different purposes and must be 
carried out separately in sequence. First is the 
removal of the oxidizable elements, principally 
carbon and phosphorus but sometimes also man- 
ganese and chromium. When these elements are 
present in sufficient amounts, the slag is removed 
after their oxidation has been completed and a 
new slag is then added. 

If the steel is an alloy steel and it is only 
necessary to lower the carbon in the charge, the 
slag is not pulled and the oxides of the alloying 
clements that have accumulated in the slag are 
reduced back to the metallic state and returned 
to the steel. This is the second reaction, namely, 
the reduction of oxides in the slag; it may be 
carried out by the use of finely divided carbon 
aceous material, by calcium carbide, or by a 
metallic reducing agent such as ferrosilicon. 

The third reaction is the deoxidation of the 
steel; it consists in converting those oxides that 
are soluble in the steel (such as FeO and CQO) 
into insoluble ones and their separation from the 
metal by gravity. Such reactions are facilitated 

by the addition of so-called 


by James P. Gill double deoxidizers such as cal- 
Chief Metallurgist 


cium silicide or aluminum-silicon 


The refining operation is Vanadium-Alloys Steel Co. alloys to make more fusible com 


based largely upon the reactions 
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James P. Gill Delivered a_ Series of 
Lectures on Tool Steels One of the 
Unusual Features of the Last Convention 


Desulphurization of the bath also takes place 
during the oxidation of the slag and steel. An- 
other advantage of the basic electric process is 
due to the fact that after refining the steel can 
be held with substantially no further reactions, 
thereby permitting an analysis of the molten steel 
and adjustments in composition; temperature 
may also be readily adjusted for casting. 

Coreless induction furnaces form the fourth 
group of melting units. The coreless induction 
furnace seems to have a distinct disadvantage, 
due to the fact that the metal as soon as molten 
is under continuous agitation, therefore causing 
a continual mixing between the steel and the 
slag. While it is an excellent tool for the melting 
of small heats, nevertheless the quality of the 
steel which it produces does not appear to bear 
s favorable a relation to the steel melted by the 
electric are furnace as the earlier proponents of 
the furnace claimed. 


Casting, Forging, Rolling, Finishing 


The proper casting of quality steel is of great 
mportance in that the temperatures should be 


ich that the ingot may cool with the proper 
rystal size. The mold design and ingot size are 
so important so that piping and porosity may 

at a minimum, and the distribution of segre- 
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gates in highly alloyed steels be under control. 
There is no empirical rule pertaining to all steels 
that the cross-section of the ingot should be so 
many times the cross-section of the finished bar, 
as it has been found that oftentimes a better dis- 
tribution of the segregate may be obtained by the 
use of smaller ingots and less reduction than by 
the use of large ingots and more reduction. 

Coarse, crystalline ingot structure is refined 
by rolling or forging (pressing is not generally 
used in the manufacture of tool steels). The 
final grain size is particularly dependent upon 
the temperature at which the last mechanical 
work was completed. 

In rolling, the flow of the metal is continuous 
and almost entirely in a longitudinal direction. 
Therefore, any segregates are usually simply 
clongated by rolling and not broken apart. Forg- 
ing by hammers is similar to a kneading action. 
Since the hammer strikes a sudden blow, com- 
pressing the metal in a narrow area, it has a 
tendency to tear apart any segregates which may 
be present in the steel. Thus has come about the 
axiom that all tool steels should be hammered 
before they have been finally shaped by rolling. 
This is true for highly segregated steels but qual- 
itv carbon tool steels and other low alloy steels 
and steels which are not highly segregated can 
be rolled into bars that will compare favorably 
in physical properties with forged bars. 

Heating of bars for rolling and forging must 
be done at a rate which will not cause checking 
and must be sufliciently slow that it is uniform 
across the section of the piece. Temperature 
must be held within a comparatively narrow 
range, Which is a balance between plasticity and 
grain size. 

Annealing is usually considered essentially 
tor the purpose of softening the steel but the op- 
eration is also used to remove stresses, to alter 
the physical properties, to refine the crystalline 
structure and even remove gases; it is therefore 
quite important and affects the physical proper- 
lies of the steel to a much greater degree than 
merely softening. Annealing implies slow cool- 
ing through the critical range — 350 to 50° F. 
per hr. 

Final inspection of tool steel is both costly 
end time consuming, but regardless of the ability 
of the manufacturer, the quality of his product 
will depend to a great degree upon the intelli- 
gence and thoroughness used in his inspection. 

A classification based on analysis of several 
hundred brands of widely used tool steels is pre- 
sented in the table overleaf. Each type can be 
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of all tool 
stecls manufactured would fall into one of these 


further subdivided, and at least 95°, 


main types. In most instances, examples of any 
tvpe will contain additional elements in accord- 
ance with the opinions of the manufacturer and 
consumer, 


parison can be made of the physical properties 


must not be assumed that a direct com- 
of steels of a certain type as made by two differ- 
ent manufacturers. By varying the alloys within 
the limits given in the table and by the addition 
of other alloys a great variation may be found, 
und practically every manufacturer of tool steel 
makes one or more “grades” of each type that is 
listed. 

The table also contains data on properties 
which are important for determining the adapt- 


ability of a steel for any specific application. 


addition 


cost. 


may 


be 


mentioned machinability and 
It is not always possible to obtain all the 


the desired type of steel has been selected, ao4 
second, what might be termed an evaluat)» 


test, that is, the adaptability of the steel for 
specific use intended. 


Testing of Tool Steels 


Tensile tests are of litthe value on hardened 
tool steel, primarily due to the difficully of pull- 
ing along the exact axis of the specimen; conse- 
quently, very hard specimens will usually break 
from a shearing action. Impact tests are also 
quite erratic. 

Torsion tests have been used for many years 
by most makers of small tools, such as taps and 
drills. A worthwhile improvement has been ad- 
vocated by Emmons in the use of a standard 
specimen and he suggests the term “coeflicient 
of toughness” for the product of the ultimat 


torque and the degree of twist. In torsion testing 


Classification of American Joo/ Stee/s According to lype Anelysis 


Major Characteristics 4ffecting Vtilit; 
Content of Principe! Alloys 
lype Working Tough-| Warp- Quench 
Carbon | tungsten | Chromium Others Haroness ance | | | ness Medium 
0O60to140 Pisin Carbon Too/ Stee/ * Low * low | Wéter | 
0.60t0 7.40 0.15 to0.40V\ Carbon-Vensdium Low High | low | Water | low 
0.50 to 1.40 0.30toQ90\ none,or | Chromium-vanadium,or low * High | Low | Water Wedium 
O.15to025V Low Chromium 
7.00to1.30 1.0t0o20 | 0.50t0 150 \0.15toO30V)\ High Chromium, low jungsten| C-62toC-65 \MediumWMedium| low | low Oil | 
0.80to 2.00 \0.4t0 0.40 to Manganese Oil Hardening |\C-58t0C-62| Low \Medlum| low | low Oit 
045t00.60\ 1.0t020\| 1.0to75 Tungsten Alloy Chise/ C-50 to C-55 \Medium\ High | low \Medium\ Oi/ 
1.10to140 | 3.0t0 5.0 Finishing Too/ Stee/ C-635toCl-66 \Medium| low | High \Medium| Water | Dees 
0.80 lo 1.00 Chromium Hot Work C-45 to C-50 \Medium\Medium\| low Dee; 
02510045 | 8.0to715 | 25toZ5 Tungsten Hot Work C-45 to C-55 \Medium\Medium\ low High \AirorQi/\ De 
Q25t00.50\ Chromiurm-Tungsten Hot Work\ C-43 toC-50 \Medium\Medium| low | High \AirorOil\ De 
0.50 to 0.65 7.5 t02,5 Si, Silicon-Manganese lool Stee/ | C-50to C-57 \Medium \Medium\Medium\Medium\| Water \Medium 
0.75 to100Mn 
1.50to2.25 10to 75 High Carbon, igh Chromium|\ C-58toC-66\ High | low | low | Migh \Airordi/| Dew 
050t0080\ 14to20\ Z.0to45 \0.75to225V\ High Speed Stee/ C-62toC6E6 High | low | low | High \ArrorQi/\ Deep 
0.60t00.80\| 14to20 r to ¥,\ Cobalt High Speed C-64toC56 | High | low | low | High \AirorQi/\ Deep 


+ With Manganese on high side these mey be sbsent 


desired physical characteristics in any one steel 


and most selections will represent something of 
After having selected the proper 


a compromise. 


ivpe, we 


can consider what 


effect: variation 


in 


composition and heat treatment may have to 


adapt it more particularly for the tool in 
question. 
A user of tool steels has a twofold reason 


in testing. 


First, a method of inspection or test- 


ing which will insure a uniform product once 
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« Usue/ working hardness and toughness depends on carbon content 


the stresses are distributed over a comparative!) 
long length and thereby the variations resulting 
are comparatively small. 

Hardness tests are a necessity in determining 
certain qualities of tool steels, and many methods 
A direct com 


parison ef the values obtained by the variot 


are available, including the file. 


testing machines cannot be made, and attemp! 
to do so may cause erroneous values as to har: 
ness. Thus, high speed steel and carbon to: 
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nig 


|. when hardened to Rockwell C-65 will show 
ectively 85 to 87 and 98 to 100 when tested 


the scleroscope. 


Abrasion tests should be of great value in 
dtermining a highly important physical prop- 
erty of the steel, but in such tests it is most diffi- 

to obtain consistent, uniform, and satisfac- 

vy results. A number of different types of 
machines have been de- 
sined and it is prob- 
able that no two people 


have ever made the test 57] |. VA \ 
in the same manner. ’ 
Anyone who wishes to oa ( 

conduct wear tests must J 
do so under conditions 


which he thinks are of 
most value to him and 
repeat the tests a sulfi- 
cient number of times 
that at least he may be 
satisfied with the conclusions. (Probably no one 
else will be.) 

Hardenability tests are valuable in determin- 
ing the depth of case, susceptibility to overheat- 
ing or grain growth, maximum hardness obtain- 
able, minimum temperature at which maximum 
hardness may be obtained, tendency to soft spots, 
tendency to soft skin or decarburization and 
movement. A thick specimen of almost any 
shape will give some indication as to the prob- 
able depth of case. More accurate information 
can be obtained by using the step-down test, in 
which disks as illustrated are machined to dif- 
ferent thicknesses, hardened, and broken. 

Susceptibility to overheating and maximum 
hardness obtainable may be determined from 
samples hardened from different temperatures 
at increments of 25 or 50° F. Tendency to soft 
spots is determined by quenching 2-in. evlinders 
in water and etching 30 min. in 1:1 HCI solution 


at 180° F. The MecQuaid-Ehn carburizing test 


may also be used to determine hardenability. 

Soft skin or decarburization depends 
ipon furnace atmosphere, so the regular 
hardening procedure for finished tools 
must be carefully followed. After the 
specimens are hardened, a file will often 
show whether or not a soft skin is present, 
r the Monotron hardness tester may be 
ised. The surface may be ground in steps 
1 0.005 in. and hardness readings taken. 
\ fracture of the specimen may indicate 
', but usually does not. Mm 

Movement during hardening is a most | 
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Step-Down Specimens for Deter- 
mining Depth of Hardening of Car- 
bon Steel Tools After Quenching 


Slot to be cut before ha 


important property, but it is most difficult: to 
apply test results to allow for movement likely 
to take place in a complicated die. A !s-in, evlin- 
der 6 in. long is most generally used for deter- 
ming the tendency to lengthen or shorten on 
hardening. It is necessary to use quite large 
specimens (that is, something in the vicinity of 
about 3 or 4 in. thick and 12 in. square, machined 
flat) when it is desired to determine 
the tendency of the steel to bulge on 
hardening. Various governmental agen- 
cies have advocated the use of the spec- 
imen shown at the foot of this page. 
The specimen is measured at A, B, ©, 
and ID) before and after hardening. 
6 Magnetic tests may be of several 
tvpes, one involving the change of per- 
meability resulting from non-uniform- 
ity. It has some uses in testing finished 
parts, but it is not so good for internal 
flaws in bars, as the intensity of the 
change will depend on the relationship of the size 
of the flaw to that of the bar; also variation in 
bar size and condition affects the results. An- 
other method, known as the “magnaflux,” is quite 
valuable in locating flaws in the surface; it de- 
pends on sprinkling a magnetic powder on the 
surface of the specimen which is magnetized, 
and shaking off the excess. 

Fracture tests are of considerable value in 
judging certain characteristics of tool steel but 
can only be of value to those who have had long 
experience in observing and comparing fractures 
of the same type of steel. It is practically impos- 
sible to describe or to photograph a fracture so 
that the description or photograph will correctly 
portray its characteristics. The play of light 
upon a fracture gives it a certain characteristic 
appearance and this cannot be photographed. 
Thus, about the only way that the actual appear- 
ance of a fracture can be conveyed by one person 
to another is by the actual sample itself, freshly 
broken and untarnished. 


Specimen for Measuring Movement 
During Hardening. If C is meas- 


= ured as annealed and as hardened 
and drawn, the gain for typical die 
| | steels is as follows: 0.010 in, for 

| Manganese oil hardening slee 


0.006 to OO18 in, for chromium 
fungsten work steel; 
flo O.015 in, ts expected for high 
carbon, high chromium steels 
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Deep Etch Tests 


The deep etch test, which is a type of macro- 
scopic test, has become of quite general use dur- 
ing the last few years. It is much more difficult 
to draw proper conclusions from the test than it 
is to make it and the conclusions arrived at are 
often a matter of opinion, the value of which can 
be no greater than the experience and judgment 
of the investigator. 

The test is quite valuable in determining 
many types of discontinuities within the metal 
such as hammer bursts, pipe, seams, laps, checks, 
flakes, soft spots, and grinding cracks, decarbu- 
rization or carburization, depth of case and flow 
lines from rolling or forging. 

However, “porosity” or “open grain” as in- 
dicated by the deep acid etch test may be neither 
porosity nor an open grain but simply a selective 
attack by the acid. Etching pits or holes will de- 
velop from the presence of non-metallic inclu- 
sions as well as from metallic segregates etching 
out of the steel and leaving a pit. Therefore, to 
determine the difference between the two re- 
quires a further test, either under the microscope 
or by comparing specimens with one another in 
different conditions of heat treatment. 

Dendrites and pattern effect are often beauti- 
fully developed by the deep acid etch test but 
even with the knowledge of the presence of either 
or both, conclusions cannot be readily made as 
to what effect they may have upon the physical 
properties of the material. 

The microscope is most valuable for deter- 
mining the distribution of metallic segregates, 
and inclusions of any nature, when they exist, 
and to measure depth of case, decarburization, or 
grain size. It is used in conjunction with other 
tests, and is one method in which the testing is 
usually done by someone of considerable special- 
ized training. 


Evaluation of Tool Steels 


Evaluation is the determination of the 
adaptability of a steel for a specific use. The 
procedure appears to be different for almost 
every user. Some study the physical tests; others 
will devise tests to emulate the operation, while 
a great many will simply make a tool or die from 
the steel they wish to test and place it into regu- 
lar production. Those who can eliminate certain 
steels by physical testing and then proceed with a 
shop test probably arrive at a more logical con- 
clusion. 
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Much data have been accumulated on jy 
cutting ability of lathe tools, milling cutters, 54 
twist drills. It appears that tests made with mjI- 
ing cutters will give the more consistent resu){s. 
probably because it has many cutting edves 
working only a part of the time and chipping a 
single edge may not cause an immediate failure 


of the entire tool. 

Cutting tests that might be considered at a]! 
reliable require unusual care in the preparation 
of all materials involved. Strict attention must 
be paid to heat treatment, design, and grinding 
of the tools, uniformity of the material being cut, 
and rigidity of the set-up. Even under these con- 
ditions, tools made of the same steel will often- 
times show a variation of from 200 to 400% ! 

Anyone who has studied cutting tests must 
doubt how far he can accept the results. To the 
author it seems that the greatest value of cutting 
tests is to compare different types of steel, rather 
than to compare steels of the same type and little 
difference in composition unless a large num- 
ber of tests can be averaged. 

Many users of tool steel will tell you that to 
determine the quality of a tool steel it should be 
placed in actual production. The big problem 
then is to find a job on which they can be tested 
which will continue a sufficient length of time to 
finish the test. This is the one chief deterrent to 
the testing of tool steels in this manner. A single 
tool or even several tools may not be an indica- 
tion of what the tool material will do, as acci- 
dents and other causes beyond the operator's 
control may cause a premature failure. A suffi- 
cient number of tools must be tested so that an 
average of results may be indicative. 

Many large users of tool steels have gone to 
‘ather elaborate systems to obtain a true indica- 
tion of material placed in test. Several years ago 
one automobile maker purchased about ten dif- 
ferent brands of high speed steel, each in amount 
to represent approximately 10° of his require- 
ments for six months. Tool were numbered and 
records accurately kept. At the end of every tw: 
weeks a tabulation was made, ranking the pro- 
duction records of the steels in order. At the end 
of six months the steel which made the best 
showing received 80° of the business for the fol- 
lowing six months, but 20° was given to thy 
other nine producers and the same records wert 
maintained. If at the end of any six months 
period, one of the other steels made the bes! 
showing during that period, that producer was 
then given the bulk of the business for the fo!- 
lowing six months. 
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NOT only does a small addition of Molybdenum in- 
crease the strength and toughness of irons and steels, 
but it also builds up a stronger resistance to metal 
“diseases.” . . . Corrosion, for instance: 

For many years, a maker of large steam turbines 
had been using steel containing 12/15% Chromium 
for several of the turbine parts requiring superior 
corrosion-resistance. One difficulty encountered in 
this steel was its tendency at times to show a “wormy” 
finish on the forgings after pickling. 

The addition of .50% Molybdenum has com- 
pletely eliminated this trouble, saving the user far 
more than the additional cost of the “Moly” required. 
Furthermore, the Molybdenum serves to remove the 
tendency toward temper embrittlement that is oc- 
casionally encountered in this type of steel. 

Molybdenum is a versatile alloy. It actually 
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intensifies thedesirable characteristics of other alloys, 
It contributes greater tensile and creep strength, 
wear-resistance ; makes machining and welding easier. 
In fact, new analyses — combinations of “Moly” and 
other alloys — are constantly leading to further de- 
velopments . .. which is one of the reasons for our 
having begun the publication of a house-organ, “The 
Moly Matrix.” It aims to help executives and engi- 
neers keep up to date with the progress of this extraor- 
dinary element. A request puts you on our mailing- 
list. An added request brings you either or both of 
these new books: “Molybdenum in 1934” and 
“Molybdenum in Cast Iron — 1934 Supplement”; 
while the Climax metallurgists and experimental 
laboratories in Detroit offer willing assistance toward 
the solution of your alloy problems. Climax Molyb- 
denum Company, 295 Madison Ave., New York. 


o-lyb-den-um 
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Columbia 


TOOL STEEL 


Clarite Tool Holder 
Bits are a proven 
economy. 


They represent the 
greatest known combi- 
nation of high cutting 
ability and high strength 


COLUMBIA TOOL STEEL COMPANY 
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Ferro-Vanadium 35-40% 
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Copper as an Alloying Element in Steel, H. ! 
Miller, Metals & Alloys, Oct., p. 227 .... Vanadium |! 
Carbon and Alloy Steels, H. H. Abram, Paper ft 
British Iron & Steel Institute. 
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CHASE 


OLYMPIC 
BRONZE 


Castings of Chase Oly mpic Bronze 
are strong, resistant to cor- 


rosion. and show excellent detail. 


For literature write to: 


CHASE BRASS & COPPER CO. 
ncorporated 
Subsidiary of Kennecott Copper Corporation 


WATERBURY, CONN. 


new 


IN WORKING MIXTURE OF 


CARBURIZERS 


CONTINUOUSLY. 
UNIFORM ACTIVITY 


CHAR PRODUCTS COMPANY 


MERCHANTS BANK BUILDING ; INDIANAPOLIS 
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Reading List 


The Properties of Non-Hardenable  Alpha-lron 
Steels, S. H. Rees, Paper for British Iron & Steel In- 
stitute... . Flakes in Ball Bearing Steel, V. Cher 
nisholff, Heat Treating & Forging, Sept., p. 445... . 
Defects in Finished Steel Parts, W. H. C. Berg, Product 
Engineering, Oct., p. 382. 

Steels for Aircraft) Requirements, Aircraft) Engi 
neering, Sept., p. 244... . The All Steel Automobile 
Body, Griscom Bettle, Journal of the Franklin Institute, 
Sept., p. 333... .. The Light Weight Street Car, R. A, 
Fiske, Iron Age, Oct. 4, p. 19. 


Fabrication and Heat Treatment 


Steel Forgings, P. E. MeKinney, Journal American 
Society of Naval Engineers, August, p. 357... . Designs 
Made by Impact Extrusion, H. H. Hall, Product Engi 
neering, Sept., p. 341. 

Large Cracking Chambers Forged From Steel In 
gots, Edwin Cone, Oil & Gas Journal, August 30, p. 36. 

Cutting Oils, L. Ballard, American Machinist, 
August 15, p. 560)... . Durability of Twist Drills 
Machining Cast Iron, G. Varley, Engineer, August 17, 
p. 160... . Boron Carbide New Wear Resisting 
Abrasive, RK. R. Ridgway, Steel, Oct. 1, p. 43. 

Heat Treating in the Small Shop, F. H. Colvin, 
American Machinist, Sept., p. 675... . Heat Treatment 
of Rainbow's Stay Braces, H. C. Age, Sept. 
27, p. 30°... . Heat Treatment of Cast Tron Cylinder 
Liners, W. P. Eddy, Jr., American Foundrymen’s Asso 
ciation, October Meeting .... Gas Heating in Making 
Knee-Action Springs, Iron Age, Sept. 13, p. 26. . 
Automobile Bumpers Are Polished, Plated and Butled 
Rapidly, J. M. Bonbright, Steel, Sept. 3, p. 23. 


Welding — Technique and Properties 


Developments in Welding, G. A. Hughes, Iron & 
Steel Engineer, Sept.. p. 352). . . . Qualification of 
Welding Equipment Operators, H. W. Pierce, Journal 
American Welding Society, Sept., p. 26. 

linportant Uses of the Cutting om Western 
Machinery & Steel World, Sept., p. 27! 

Electric Discharge Tubes for Welding 
J. Slepian, Iron & Steel Engineer, Sept., p. 3606... 
Machine Characteristics for Steady Welding, F. 
Creedy, Electrical Engineering, Sept., p. 1268 
Evolution of the Arcronograph for Weld Inspection, 
Bela Ronay, Journal American Society of Naval Engi 
neers, August, p. 285. 

Practice in Welding Light Gage Materials, S. HH. 
Phillips, Western Machinery & Steel World, Oct., p. 
297 .... Welding of Refrigerator Parts, L. C. Monroe, 
Welding kngineer, Sept., p. 28... . Welding Wide 
Sheets for Streamline Bodies, P. W. Fassler, Iron Age, 
Sept. 20, p. 38. 

When Should Welded Structures Replace Cast 
ings? J. L. Brown, Machinery, Sept., p. 13. 

Fusion Welding in Mercury Steam Plant, 
Rogers, Boiler Maker & Plate Fabricator, August, p 
204... . Welded Pressure Vessels for Low Tempera 
tures, Welding Industry, Sept., p. 235. 

Fatigue Testing of Welds, J.) He. Zimmerman, 
Journal American Welding Society, Sept., p. 13. ... 
Relative Rigidity of Welded and Riveted Connections, 
¢. R. Young, Canadian Journal of Research, August, 
p. 101... . Studies on the Metallurgy of Are-Deposited 
Weld Metal, S. L. Hoyt, Paper for Convention, Ameri 
can Society for Metals. 
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WHETHER 
LARGE OR SMALL 


THERMALLOY 


LEAD, CYANIDE AND SALT POTS 
100Z 
X-RAY INSPECTION 


Pots Ready for X-Ray Test 


THE 


KLECTRO ALLOYS 
COMPANY 


ELYRIA, OHIO 
Castings Since 1919 


Thermalloy 


X-RAYED CASTINGS FOR 
HEAT CORROSION 


50 


Reading List 


Surface Cleaning and Protection 


Modern Strip Pickling Equipment, H. E. Fritz, 
Iron Age, Sept. 6, p. 36... . Pickling of Mild Stee} 
Sheets, Harold Edwards, Blast Furnace & Steel Plant, 
Sept., p. 505... . Cleaning of Steels, E. A. Rich, Iron 
& Steel Engineer, August, p. 284. 

The Structure of Electrodeposited Metals, L. B. 
Hunt, Metal Industry, Sept., p. 308 .. . . Electro- 
deposition of Nickel, A. W. Hothersall, Metal Industry 
(British), August 17, p. 157. 

New Method of Galvanizing, J. L. Schueler, Steel, 


August 27, p. 40... . Large Scale Electroplating of 
Zinc, Engineering, August 24, p. 196... . Nickel Plat 


ing of Zine in a Barrel, Albert Hersch, Metal Industry, 
August, p. 274. 

Sprayed Molten Metal Coatings, E. V. David, 
Journal American Welding Society, Sept., p. 16... . 
Microscopic Analysis of Sprayed Metals, T. W. Lippert, 
Iron Age, August 30, p. 8. 

Production Problems in Enameling Iron and Steel, 
L. W. Allison, Iron Age, Oct. 4, p. 21. 


Non-Ferrous Industry 


A Modern Copper Wire Mill, E. Kaestel, Metal In- 
dustry (British), July 20, p. 51... . Lubrication for 
Drawing Copper Wire, J. G. Richards, Wire & Wire 
Products, Sept., p. 338 ... . Canadian Brass Rolling 
Mill, J. R. Coe, Iron Age, Sept. 27, p. 22.... Effect of 
Mill Variables on Gage of Sheet Brass, C. K. Skinner, 
Metal Industry, Sept., p. 302. 

Condenser Tube Corrosion, Chemical Age, August 
4, p. 99. 

Present-Day Blast Smelting of Nickel, €. C. 
Downie, Metal Industry (British), August 31, p. 195 
. . « « Researches on Tin, Chemical Age, Sept. 1, p. 
15... . Palladium-Copper Alloys in Industry, E. E. 
Halls, Industrial Chemist, August, p. 313. 

Deoxidation and Dagasification of Non-Ferrous 
Casting Alloys, Symposium for American Foundry- 
men’s Association, October .... Improved Die Casting 
Methods and Alloys, Machinery, Oct., p. 107. 

Anodic Oxidation of Aluminum and Its Alloys, 
S. Wernick, Metal Industry (British), August 17, p. 
Of) es Aluminum Alloy Tubes, Aircraft Engineering, 
August, p. 231 .... Effect of Elevated Temperature on 
Certain Aluminum Alloys for Aircraft, R. R. Ken 
nedy, Paper for American Foundrymen’s Association, 
October Meeting. 

Production of Antimonial Lead, Anti-Friction and 
Printers’ Alloys, G. J. Brittingham, Chemical Engi 
neering & Mining Review, August 6, p. 415... . Hard 
ened Lead Bearing Metals, L. E. Grant, Metals & Alloys, 


August, p. 161... . Performance of Bearing Metals, 
J. R. Connelly, Iron Age, August 23, p. 29... . Self 


Lubricating Porous Bronze Bushings. Herbert Chase, 
Machinery, Sept., p. 9... . Porosity in Leaded Bronze 
Bushings, A. W. Lorenz, Paper for American Foundry 
men’s Association, October Meeting. 


Iron and Steel Foundry 


Control of Cupola Melting Operations, F. G. Steine 
bach, Foundry, August, p. 12... . Reactions in Cupola 
Refractories, R. E. Aptekar, Foundry, Sept., p. 26. . . 
Cupola High Test Cast Iron, R. P. Lemoine, America! 
Foundrymen’s Association, October Meeting 
Silicon and Aluminum in High Temperature Cast Iro! 
M. H. Thyssen, Paper for British Iron & Steel Institute 
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When you design with Alcoa Aluminum you have at 
your command a score of basically different ways to 
obtain either a decorative or protective finish. Each 
of these methods has capabilities of wide variation. 
Altogether, they help you utilize the many inherent 
advantages of Alcoa Aluminum. They help you design 
and build for appearance as well as for performance. 

Plain, well-cleaned Aluminum is in the modern mode 
of light colors. To vary the texture and the color of 
the metal surface, you may polish or buff to varying de- 
grees of smoothness. Scratch-brushing adds still different 
textures, and a ‘line’ finish, on 
articles which can be rotated 
in a chuck, has great brilliance. 

On castings, sand blasting or 
similar pressure abrasion with 
other materials can be used 
to achieve many different sur- 
face effects, both in color and 
texture. Tumbling with steel 
balls gives still a different result. 

Then there is a whole family 
of chemical processes of finish- 
ing, almost unlimited in possi- 


bilities. Etching and pick- 
ling are the commonest. 
In addition there are 
many unique and prac- 
tical coatings and color 
effects that are purely 
chemical in origin. 

Aluminum may be plated 
with brass, nickel, and 
chromium, or it may be “deplated” with striking results. 

The famous Alumilite electrolytic finish adds hardness, 
further increases resistance to corrosion, and is an 
electrical insulator too. Brilliant colors may be obtained 
as a corollary of this patented process. 

Paints, enamels, lacquers, even vitrified enamels for 
decorative effects... all 
are at your service. 

Technical information 
to help you achieve the 
result you want are yours 
for the asking. Write 
ALUMINUM COMPANY 
of AMERICA, 1801 Guif 
Building, Pittsburgh, Pa. 


*There is nothing elsewhere in this advertisement to remind you that Alcoa Aluminum 
has the tensile strength of structural steel, but weighs !3 as much. 


ALCOA 
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IF YOU HAVE 
TEMPERING TO DO 


Reading List 


Cast Iron Tests and Specifications, Symposiu; 
Joint Meeting, American Foundrymen’s Associat 
and American Society for Testing Materials ... . 4 
Transverse Test of Cast Iron, J. T. MacKenzie, Fou: 
Trade Journal, August 30, p. 129. 

Soft Cast Iron, L. W. Bolton, Foundry 
Journal, August 30, p. 137... . Heredity in Cast |; 
H. W. Gillett, Metals & Alloys, Sept. 1, p. 184... . Hy 
Treatment of Cast Iron, J. W. Bolton, Foundry, Aug 
p. 18... . Sound Designs Made of Cast Iron, J. Vy 
Lessells, Product Engineering, Oct., p. 375. 

Effects of Copper in Malleable Cast Iron, C. {| 
Lorig, American Foundrymen’s Asso., October Meeting 

Permanent Mold Castings, Fred Walls, Americas 
Foundrymen’s Association, October Meeting. 

Porosity in Steel Castings, Symposium for Amer 
ican Foundrymen’s Association, October .... Pickling 
of Steel Castings, C. W. Briggs, Journal American §S 
ciety of Naval Engineers, August, p. 316. 


Tests on Materials 


Instruments and Testing Devices, Machinery, Oct 
p. 104... . in Metallography, A. Fishe: 
: Machinery (British), Sept. 13, p. 711. 

MODEL NA-21 FURNACE Test Bars From the Foundryman’s Point of View 
Max. temp. 1200° F. Cap. 250 Ibs. hr S. Southeott, Foundry Trade Journal, August 2, | 

Container 16” diam. x 20” deep 73°... . Wear of Piston and Cylinder Irons, Auto 

mobile Engineer, Sept., p. 344... . Endurance of Cast 
and Welded Structural Parts, Foundry Trade Journal! 
is the furnace to use... Augua %, p. 95. 

Fatigue Testing Machine for Wire, Engineering 
August 10, p. 139... . Torsional Moduli Variations 


THE LATEST Spring Materials With Temperature, J. W. Ludewig 
Transactions American Society Metals, Sept., p. 8335 

“AMERICAN” Creep Properties of Oil Still Tubes, H. €. Cross 
Iron Age, August 23, p. 16. 

ELECTRIC AIR Cracking of Mild Steel Under Repeated Bending 

C. H. M. Jenkins, British Iron & Steel Institute. 


TEMPE ~ | NG Elongation Values of Copper and Copper Alloys 
Metals, 


Maurice Cook, Journal Institute of August, | 


FURNACE... 367. 


General Articles 


The Work of Walter Rosenhain, J. L. Haughto: 


@ It is fast and uniform. Foundry Trade Journal, Sept. 6. p. 153. 
| d Ferrous Metallurgical Developments, H. 5 
@ it is clean and economical. Rawdon, Metals & Alloys, Oct., p. 207... .. A Quarte! 


Century of Alloy Steels, E. F. Cone, Steel, August 27 
p. 25... . Effect of Various Alloys in Steel, N. ! 
Deuble, Blast Furnace & Steel Plant, August, p. 439. 
Metallurgical Research, O. W. Ellis, Metals & Alloy 
August, p. 165. 

‘ The Decomposition of Martensite, Gunnar Hage 
We will gladly send you the story... Paper for British Iron & Steel Institute. 

All we need is your name and address Intermetallic Solid Solutions, E. R. Jette, A.M. 
Tech. Pub. No. 560, Metals Technology, August . . 
Effect of Surface Strain on Solid Solubility, Arthu 
Phillips, Metals & Alloys, Sept., p. 204. 


d A Recent Theories of Ferromagnetism, Fran 
di Bitter, Electrical Engineering, Sept., p. 1246. 
Behavior of Metal at Elevated Temperatures, 


Dustin (Belgian Research Committee), Paper 
British Iron & Steel Institute. 

Age Hardening of Iron-Nitrogen and lron-Nitr« 
American Electric Furnace Co. Alloys, J. L. Burns, A.LM.E. Tech. Pub. No. 556, Me! 

rechnology, August. 

30 Van Hillern Street Boston, Massachusetts Influence of Oxide Films on the Wear of Ste 
S. J. Rosenberg, Bureau of Standards Journal of ! 
search, August, p. 259. 


@ It is very low in price. 


e@ Why don’t YOU use it? 
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( The Hardest Material 
Ever Produced by Man 
for Commercial Use 


Norton Boron Carbide is an entirely new composition of 
matter, described by the chemical formula B4C, crystalline in 
formation. It is of a high degree of purity — not less than 99 , 
pure boron carbide. It may be molded, without bonds or 
cementing metals, into a homogeneous, single-phase crystalline 
body of accurate dimensions. 


CHARACTERISTICS 


Extreme Hardness — harder than the cemented car- 
bides, harder than silicon carbide, next to the diamond itself. 
Emert — unaffected by strong or weak acids or alkalis. 
Compressive Strength — 260,000 lbs. per sq. in. 
Coefficient of Expansion — 0.0000045 per °C. 
Demsity — 2.52 grams per cu. cm. (lighter than aluminum). 
Oxidation — but little affected up to 1000° C (diamond 


burns completely at this temperature). 


USES 


In powdered form NORBIDE (Norton Boron Carbide) is an 
extremely hard abrasive and is used for lapping the cemented 
carbides and for other jobs where diamond dust has been nec- 
essary. Metallurgically, it has possibilities as an economical 
source of boron. 


In molded form NORBIDE (Norton Boron Carbide) is ex- 
tremely resistant to abrasion and is used where an exceptionally 
hard, smooth material is required. As a lining for pressure 
blasting nozzles, for example, it shows a thousand times the 
life of ordinary nozzles. Other outstanding uses range from 
thread guides for the rayon industry to extrusion dies for 
graphite, porcelain, and other materials of an abrasive nature. 


We'll be glad to discuss its possibilities with you. 


NORTON COMPANY, Worcester, Mass. 


NORBIDE is the registered trade-mark for Norton Boron Carbide an exclusive Norton product. 


is self-binding. At tons of pressure 
and thousands of degrees of heat it 
is formed into « wide variety of 
molded 


NORTON PRODUCTS — Grinding Machines, Lapping Machines « Grinding Wheels; Abrasives for Polishing; 


India Oilstones, Pulpstones + Laboratory Ware, Refractories; Porous Plates ¢ Non-slip Tiles and Aggregates 
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Long-Lasting Sheet Iron 

“Thumbs Down on Rust,” says 
Republic Steel Corp., cites 
three reasons for the high rust 
resistance of Toncan_ Iron. A 
number of typical applications are 
illustrated. 


Air Draw Furnace 

Hevi-Duty Electric Co. offers a 
folder on their box type air draw 
furnaces for tempering, drawing, 
preheating, or annealing. Two 
types are available, one for tem- 
peratures up to 750° F., and one 
for 1250° Nv-44. 


Liquid Carburizing 

E. F. Houghton’s Perliton liquid 
carburizer is the subject of a 23- 
page booklet. Depth of case, speed 
of penetration, and other results 
are well illustrated with graphs and 
photomicrographs. Nvy-38. 


Cold Drawn Shapes 


Many applications of cold drawn 
squares and flats are enumerated 
by Union Drawn Steel Co. in this 
folder. Sizes, grades of finish, and 
compositions available are listed. 
Nv-83. 


Cyanides and Salis 

R & H Chemicals Department of 
E. I. du Pont de Nemours Co. has 
a new 28-page manual on the pro- 
cedure for case hardening, reheat- 
ing, nitriding, and mottling of steels 
with cyanides, and on coloring, 
tempering, and drawing with salts. 
Nv-29. 


Hardening Furnaces 

The C. lL. Hayes Certain Curtain 
electric furnace for the range 1200 
to 1850° F. is described in this 
bulletin. Its applications to harden- 
ing of carbon, stainless, and alloy 
tool steels and to preheating high 
speed steel are discussed. Nvy-15. 


Grinding Cemented Car- 
bides 

A complete and detailed treatise 
on this important problem has been 
issued by the Carborundum Co. 
Special wheels and grits for the 
various commercial grades of car- 
bides are given and many practical 
pointers are included. Nvy-57. 


The Lindberg Control 


The Lindberg Control announced 
a few months ago for electric fur- 
naces is now available for fuel fired 
furnaces. Controlling the input of 
fuel fired furnaces eliminates the 
lag caused by the protecting tube 
around the thermocouple and re- 
sults in straight line temperature 
control. Nv-66. 
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Properties of Stainless 
Carpenter Steel Co. offers (to 
manufacturers in U. S. A. only) a 
handy pocket size. slide chart 
which gives at a glance a summary 
of technical data on all Carpenter 
stainless steels. Bulletin Se-12. 


Steel Specifications 


A handy, up-to-date specification 
sheet for carbon and alloy steels is 
offered by Timken Steel & Tube Co. 
On one page are printed analyses of 
all important types of Timken 
steels. Bulletin Jy-71. 


Metallograph 

A new 36-page booklet of E. Leitz, 
Inc., contains all information on the 
Leitz large Micro-Metallograph, 
MM 1. Excellent photomicrographs 
are reproduced to show its ca- 
pacity. Special attention is given 
to the darkfield illumination fea- 
ture. Bulletin Se-47. 


Pyrometer Accuracy 

A thought-provoking folder of 
Hoskins Mfg. Company explains 
how the use of Chromel-Alumel for 
pyrometer lead-wires makes it pos- 
sible to take full advantage of mod- 
ern pyrometric instruments.  Bul- 
letin Ob-24. 


Stainless Steel Uses 


The wide range of applications 
of Allegheny Metal, best known of 
Allegheny Steel Co.’s corrosion and 
heat resistant steels, is pictorially 
covered in a new and interesting 
booklet. Bulletin Ob-92. 


Non-Ferrous Annealing 


General Electric Co. describes 
bell-type furnaces for annealing 
non-ferrous metals in a new folder 
which gives many data on opera- 
tion and performance. Description 
is from technical rather than sales 
angles. Bulletin Ar-60. 


Thermit Welding 


Metal & Thermit Corp. offers a 
new booklet showing all the pos- 
sibilities of Thermit welding, ex- 
plaining the action, and telling in 
detail how representative Thermit 
welds can best be made. Well illus- 
trated and clearly written. Bulletin 
Ar-64. 


Manual of Pyrometry 


Brown Instrument Co. offers an 
elaborate manual which describes 
the 50 exclusive features of their 
potentiometer pyrometer. The book 
will greatly interest those who must 
maintain accurate temperature. 
Bulletin Jr-3. 


Heat Treating Manual 

A folder of Chicago Flexible 
Shaft Co. contains conveniently ar. 
ranged information on heat treat- 
ing equipment for schools, labora- 
tories and shops, and also illustrates 
the several types of Stewart indus. 
trial furnaces. Bulletin Ar-49, 


High Strength Steel 


Cromansil steel, a development of 
Electro Metallurgical Co., has high 
strength and good ductility “as 
rolled” and is thus fine for struc- 
tural applications where its great 
strength saves much dead weight. 
Bulletin Je-16. 


Uses of Molybdenum 


Climax Molybdenum Co. offers a 
useful 50-page booklet showing the 
benefits conferred by alloying mo 
lybdenum with iron and steel. The 
engineering data presented are 
made clear by many tables and il- 
lustrations. Bulletin Au-4, 


11 Stainless Steels 


Pertinent facts on 11 different 
types of Bethadur and Bethalon cor- 
rosion resisting steels are presented 
in a 40-page Bethlehem Steel Co. 
booklet. Advantages and limitations 
of each type are frankly presented. 
Bulletin Fb-76. 


Aluminum Corrosion 

In a carefully prepared booklet 
of Aluminum Co. of America, effects 
of various corrosive agents upon 
aluminum and its alloys are de 
scribed in detail. It is an excellent 
source of information on this sub 
ject. Bulletin Sp-54. 


Hardness Testing 


Men interested in hardness test- 
ing may find it worth while to read 
the recent catalog of Wilson Me- 
chanical Instrument Co. which de- 
scribes the latest design of Rock- 
well hardness testers and auxiliary 
work supports. Bulletin Sp-22. 


Big-End-Up 

Gathmann Engineering Co. briefly 
explains the advantages of steel cast 
in big-end-up ingots, showing the 
freedom from pipe, excessive seg- 
regation and axial porosity. An 82% 
ingot-to-bloom yield of sound stee! 
is usual. Bulletin Fe-13. 


Cast Vanadium Steel 


Jerome Strauss and George L 
Norris have written a _ technica! 
booklet for Vanadium Corp. of 
America describing the properties 
developed by steel castings contain- 
ing various percentages of vanadi- 
um. Bulletin S-27. 
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| ‘ast Cleaning 

rugged blast cleaning cabinet 
rapidly cleaning small work is 
cribed in a recent folder of 
gborn Corp. Full information 
the operation of this machine 
presented; many drawings and 
tures included. Bulletin 
68. 


lomo Tempering 

Leeds & Northrup Co. introduces 

specialized Homo furnace for 
tempering heavy, dense loads of 
small articles. Production can be 
multiplied as much as four times. 
Complete description is given in 
Bulletin Je-46. 


Carburizing Boxes 

Driver-Harris Co. devotes a folder 
to Nichrome cast carburizing boxes. 
Physical properties at room tem- 
perature and under operating con- 
ditions are given, as are the advan- 
tages of Nichrome castings for such 
service. Bulletin Jr-19. 


Kanthal Alloys 


S.K.F. Steels, Inc., offer a descrip- 
tive booklet on Kanthal alloys. Cer- 
tain of these alloys may be used as 
resistance elements; others are for 
furnace parts or other heat resist- 
ing applications. Full details are 
given in Bulletin Je-78. 


Structural Bronze 

Olympic Bronze, a high copper 
alloy containing silicon and zinc, 
is suggested by Chase Brass & Cop- 
per Co. for structural and engineer- 
ing purposes. A new booklet gives 
many interesting details about its 
use. Bulletin M-59. 


Copper Welding Rods 


American Brass Co. describes in 
complete detail the welding proper- 
ties and individual characteristics 
of 14 different copper alloy weld- 
ing rods. The 16-page booklet also 
makes specific recommendations of 
welding procedure. Bulletin Je-89. 


Heat Controller 


As a companion instrument to 
their new indicating pyrometer, 
Foxboro Co. has introduced a new 
and inexpensive temperature con- 
troller which is dependable and 
easy to operate. Close control of 
is possible. Bulletin 
Mr-21. 


Controlled Steels 


Carnegie Steel Co. has published 
a very interesting booklet which 
describes in some detail the process 
control used in the production of 
uniform steels. Bulletin Je-85. 


Localized Heat Treating 


_ American Gas Furnace Co. offers 
information on production ma- 
chines for localized hardening, 
tempering or annealing of tools, 
Saws, springs, screws and machine 
parts of all kinds, using gas as 
fuel. Bulletin Ag-11. 
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Pickling Inhibitors 
A pamphlet yea | the na- 


ture and use of Grasselli Inhibitors 
is offered to those interested in 
pickling. A feature is a table of 
inhibitor strengths recommended 
for pickling various steels. Bul- 
letin Ap-95. 


Testing with Monotron 

Shore Instrument & Mfg. Co. of- 
fers a new bulletin on Monotron 
hardness testing machines which 
function quickly and accurately un- 
der all conditions of practice. Bul- 
letin Je-33. 


Nickel Cast Iron's Uses 


The role of nickel and nickel- 
chromium cast iron parts in such 
applications as fabricating sheet 
metal, pressing and forging is in- 
terestingly explained in a new pam- 
phlet of International Nickel Co. 
Bulletin Ag-45. 


Oxwelding Stainless 


Linde Air Products Co. has pub- 
lished a handbook of instructions 
for successfully welding corrosion 
resisting steels by the oxy-acetylene 
process. Welding procedures and 
weld treatments are carefully ex- 
plained. Bulletin Jy-63. 


X-Rays in Industry 


General Electric X-Ray Co. has 
available a profusely illustrated bro- 
chure which gives the complete 
story of the industrial applications 
of X-Rays, the modern inspection 
tool. Bulletin Ma-6. 


Heat Resisting Alloys 

Authoritative information on al- 
loy castings, especially the chro- 
mium-nickel and straight chromi- 
um alloys manufactured by General 
Alloys Co. to resist corrosion and 
high temperatures, is contained in 
Bulletin D-17. 


Bright Annealing 


Electric Furnace Co. tells about 
their controlled atmosphere fur- 
naces for continuous deoxidize an- 
nealing, bright normalizing and an- 
nealing ferrous and non-ferrous 
metals. Work comes clean, bright 
and dry from these furnaces. Bul- 
letin No-30. 


X-Rayed Alloy Castings 


Electro Alloys Co. describes their 
X-Ray inspection of Thermalloy 
heat resisting castings for high tem- 
perature work. Considerable data 
on the use of X-Ray tubes and 
“radon” capsules to check foundry 
practice are presented. Bulletin 
Oc-32. 


New Tempering Furnace 


American Electric Furnace Co. 
has a new, low-priced electric air 
tempering furnace. It heats to 600° 
F. in 5 min. and to 1000° F. in 15 
min., transferring heat to work 50 
times faster than still air and 6 
times faster than salt. Bulletin 
Mr-2. 


Air for Furnaces 


Users of gas or oil-fired furnaces 
know the necessity for a depend- 
able source of large volumes of air 
at low pressures. A generously il- 
lustrated folder of Spencer Turbine 
Co. shows why their Turbo-Com- 
pressors give unfailing, economical 
air service. Bulletin Mr-70. 


Sheffield Steels 


Wm. Jessop & Sons, Inc., have a 
booklet which tells why a special 
anneal and a proper balancing of 
carbon, manganese and tungsten 
combine to make Sheffield Superior 
oil hardening steel non-distorting 
and easily machinable. Bulletin 
Jn-61. 


Optics in Metallurgy 


Many uses for optical instruments 
in metal working are described in 
a new booklet of Bausch & Lomb 
Optical Co. Photomicrography is 
prominent, but this well illustrated 
booklet shows many other inter- 
esting optical instruments. Bulle- 
tin No-35. 


Atmosphere Furnaces 


An interesting folder of Surface 
Combustion Corp. gives perform- 
ance data on their atmosphere fur- 
naces in actual production bright 
annealing of ferrous and non-fer- 
rous metals and carburizing, nitrid- 
ing, forging and hardening with- 
out scale. Bulletin De-51. 
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7016 Euclid Ave., Cleveland 


Please have sent to me without charge or obligation the following 


Literature described in the Novy. issue. 
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Van 


BLAST YOUR PRODUCTS CLEAN! 


@ THIS “EN-2” manually operated Blast Cleaning Cabinet 
is recommended where small heat treated parts must be 
Send for free bulletin. 


World's largest mfar’s of Blast Cleaning and Dust Collecting Equipment 


cleaned economically ! 


PANGBORN CORPORATION 


HAGERSTOWN + + MARYLAND 


PROBLEMS in HARDNESS TESTING 


Solved at Minimum Cost. Our Bulletins Tell How 


For 100% the 


SCLEROSCO 


portable hardness testing for metals 
PE is used the world over, described in our 
bulletins S-22 and 8-30. 


For testing rubber our bulletins R-4 and R-5. 


For testing the Qualitative and Quantitative hardness 
under the static method of all known materials including 
dead soft or superhard metals, sub-surface testing, ete., 
send for bulletins M-3, M-6 and M-7 descriptive of the 
MONOTRON, now in general use. 


1 selection from this line will definitely meet with your requirements 


THE SHORE INSTRUMENT & MFG. CO. 


Wryek Ave. & Carll St. Jamaica, New York, N, Y. 


Annual Convention 


Several sister societies have cooperated, «4s 
in the past, to make the convention a verital)|. 
National Metal Welding 
Society had the most extensive program, lasting 


Congress. American 
all week and including eight technical sessio; 
many inspection trips, and an annual banque! 
Features of the program were discussions abou! 
steel for residence construction, on metal over- 
lavs, on qualifying operators for important work, 
on research, and on railroad applications. 

The American Institute of Mining and Meta! 
lurgical Engineers, through its Institute of Metals 
and Steel Division, also co 


Division and Iron 


operated with notable sessions. In addition to 
considering various problems of a more theo 
retical nature, a whole day (and an evening 
dinner) was devoted by the Institute of Metals 
to the problems of die casting; a resume of some 
important facts brought out is given on pages 
26 to 29. 
making were held by the Iron and Steel Division 
under the energetic leadership of L. F. Reinartz, 


Two sessions on slag control in stee! 


chairman of the Division an important matte: 


Which will be summarized in the next issue of 
MerraL PRroGREss. 

The Wire Association also joined with the 
National Metal Congress for the third successive 
vear. Formal meetings were held on three days 
discussing the problems of galvanizing, braiding. 
vend other methods of covering, the drawing of 
copper wire, and the manufacture of spring wire 
The Wire Association Medal 
EK. J. P. Fisher. 

It is greatly to be regretted that more engi- 
neers did not attend the two sessions sponsored 
by the Machine Shop Practice Division of the 
American Society of Mechanical Engineers. The 
time was placed at 5:30 in the afternoon, so (hat 
men could hear the program between work and 


was awarded to 


dinner. 
Jeffries, consulting metallurgist for Aluminum 
Co. of America, and the other by R. S. Archer, 
metallurgist, Republic Steel Corp. As everyone 
had a right to expect, these two experts gave a 


One meeting was addressed by Za) 


notable resume of non-ferrous and ferrous met 
als, today and tomorrow. For the benefit of thei 
fellow members in the American Society for Met 
als, MeraL ProGress will publish as much of thes 
papers as space permits in next January's Issue 
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TIMES AS FAST... 


YET UNIFORM... 


'That’s one big reason for 
the wide acceptance of 


Houghton’s 
PERLITON 


CARBURIZER 


S.A.E. 1020 Steel 
carburized at 1650° 
to 1675° F. (898° to 
912° C.) for 120, 80 
and 40 minutes, left 
to right respectively. 
Magnification, 6 dia- 
meters. 


THE 
HOUGHTON LINE 


includes: 


Carburizers 
Quenching Oils 
Cutting 
Drawing Compounds 
Heat Treating Salts 
Metal Cleaners 
Rust Preventives 
Sta-Put Lubricant~ 


JIM TRED 
Leather Belting 


The Process that nearly “stole the show” last month 


There was enormous interest in the Perliton Carburizing Process 
at the National Metal Exposition in New York last month. To many 
metallurgists it was “*new’*— yet we would emphasize that it is not 
new in the sense that itis untried. On the contrary, Perliton Liquid 
Carburizer has been used with great success abroad for two years, 
and by more than a score of heat treaters in this country for many 
months. It meets their demands for rapid, uniform penetration, 
low cost, long pot life. high thermo-conductivity and absence of 
decarburization. Write us at 240 W. Somerset St., Philadelphia, 


for the Perliton book describing this process. 


E. F. HOUGHTON & CO. 


Chicago - PHILADELPHIA - Detroit 


NOVEMBER, 1934 
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Evectric Port Furnaces 
FOR 


LIQUID CARBURIZERS 
AEROCASE 
HOLDEN’S HARD CASE 
HOUGHTON’S PERLITON 
CHAPMAN’S CHAPMANIZING 


HEVI-DUTY Pot Furnaces have been used 
successfully for years for cyanide and salt 
baths, lead hardening, etc. They are used 
with equal success with the newer processes 


involving liquid carburizers. 


SEND FOR DESCRIPTIVE BULLETIN 


TRADE MARK 
ee 


REG U.S. PAT. OFF 


HEAT TREATING FURNACES 
ELECTRIC EXCLUSIVELY 


HEVI DUTY ELECTRIC CO. 


MILWAUKEE, WIS. 
a 
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Quenching of Steel | 


. . an answer to your problems 


By HERBERT J. FRENCH 

late of the Bureau of Standards, 

now with International Nickel 
Company. 


HIS book is a comprehensive discus. 

sion of cooling characteristics of var- 
ious cooling media (coolants). Cooling 
properties are given for both surface and 
center cooling of a given mass of steel. 
Data for center cooling are summarized 
graphically and in equations which per- 
mit computation of center characteristics 
of various sizes and shapes of steel. 


172 pages, 6 x 9, 105 illustra- 
tions ... bound in red cloth. 
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Mail Your Order Today 


GENERAL ALLOYS CO. 


AMERICAN SOCIETY 
for METALS 


7016 Euclid Avenue Cleveland, Ohio 


WITHOUT 


QUALITY 
COMPETITION 


OLDEST and LARGEST 
EXCLUSIVE MANU- 
FACTURER OF HEAT 
AND CORROSION RE- 
SISTANT ALLOY 


CASTINGS 


BOSTON CHAMPAIGN 
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